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FmElmRD

nlem
lcetion

forsynchm6 ~apparenttien wrkwastotedone ata
rerwb21y situatd frum its cxmtrol stition. ‘lheoriqinal

~iml eyst& of shafts, gears, bits ad plleys was &actical in
these situatiom. The major types m classes of syndwoe develqxd b fill
these neds are: toque ~, control ~, iduction
_i-ters (1* V_d’UO transmitters), ard resolvers. ‘lhislatter
typ may te Wnsiderd as a separate entity; therefOre, UIL-HOBK-218 has
& prepard to a$ver their description d appli-tions. It is
sufficient to say that a resolver is a precision eynchru used for
ccmrdimte transformation, resolution of vectors into cnnpnants, and
amvereion of rectangular to polar cxmrdinates. Dmxlera have b2en
developl to convert aralq functions into digital lwquage for input into
digital zing devices. Hcwsver, synchrm rnntinue to te us.esl wherever
analcg _tere or cxanputations are desirable.

Applicati- ehcwn are rerely representations. The mounting methcd.sd
a~ies descritd have ken developed after long pericds of reseamh.
‘lMayhave pssed the time-proven test of service in the field.

‘llw2textofthisha@xx2k has keen prepared with no reference nade to
specific syrdrm5. The reader is directed to the Deprbnent of cefeme
1* of Specifietions a-d ~ (IXU)ISS)for information relating to
either the General specifi~tion cvvaring sym5ucs, MIL-S-20708, or its
~iatd spcif ication sheeta. ‘he preferred types of eynchros are
listed in the latest issue of MIL-~710.

‘lhefollcwi.q aspects of synchrcs are descrikd herein:

a. Basic principles urderlyirq syrdro design
b. Cmt5truction
c. Characteristics of the varicus t-
d. A@i=tions
;. ~ a===i=

Methcd of Uamtirq

9. Star&d connections
h. Zeroing techniques
i. ‘1’rcubleshcotiq

j. MiScellanaus

Each type or class of synchro will be CXJVSO& in detail, bt first,
~iee @ -aCteriStiCS cammn to all t- will ~ discussed. sane
kasic prtiiples of electricity ard m3gn2tism will also te reviewscl.

. . .
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SYNcmus
D~PIXN AND OPE2U4TICN

1.1 Puclc5e. ‘l’hisMmitcak is interdd aeaguids foruse~militaxy

P=’-=n=l camernd with the use, in~eability, ma~ erd
rspir of eyndrcs, end the design of -pans systems.

1.2 ~. This hmitcok canbins the @yeical ad fwmt.ionel
descriptions of eymhrce.

1.3 Classificati~. ~ ~Vs been develqed tn satisfy Varicms
reds and are clessifisd in several trrcadmtegories acuudirq to their
intendsd function, es listed in ‘hble 1. The +, cutqxt ard milit.azy
abbreviations of each type are also til~ in ‘IZible1. Brief definitions
of each catqczy are given in ssction 3. Fbre arnplete descriptions are
provide5 in esction 4.

1.3.1 ~. Syndut6 resemble small electric rotors.
Electrically, they are trensformrs whc6e prilnary—~ mlpling can
b varisd tg physi~lly rotating om wi.rxiinginsids the other.

1.3.1.1 .SYlnbols.In this publication, ~ are ~
schsmtically ky the symbls slmm on Figures 1 W 2. The symtols on
Figure lereusdwhen itis ~ toshcwon3y theexLalal
~ionstoasymhro, emi thesynkJs on Figure 2 are usedti itis
my to uld~ the @ysical relationship between the rotnr erd

Thesmall arrcwont he-irxiicates theargu2ar displacxm2ntof
the K&or.

1.3.2 ~. SynchrO eysbmmnsistoftior uore
~ ~t plus auxiliary uni- audI es eyrdm3 ~citnrs
& trouble irdi=tnrs where requi.rsd.

1.3.2-I ~. ~ ~~ PI=V~ a low
mechanical ~ sufficient to ~ition iniicatirq devices, -te

een5itive switciw2s,or nuve light lmde wi~ pa3r enplification are
lo’K&’naetorque system (see Figure 3). With~a_, aauracyin
the order of one dqree is attainable. On#e-hand, w!Mm32erge
~=Mha==scysrers9y&Tl typasyndu=. amm. m
these systems, a voltige is transnu curnersion to-tlnuqh en
amplifier erd a ~, esshwnon Figure4. @ntrol ~ provide
en electrical cmt~ ad are widely used es foll~ links ti error

1
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)
~rs h servo, a~tic amtrol, ayaten=. C&Liteoften, one ayet5n
will perform bth - ad mntrol fUnCtiOne. Imiividual uni- are
daaignsd forusein eitherwe orcontil~. Sanetorque unita
may be used as amtrol unita, tit amtrol unit5 m.nnot replace tongue
unita.

1.4 Basic principles.

1.4.1 me tiam. A brief revia of the principles of mgnetism is
included here tecause sywhrce are el~gnetic dwicee.

1.4.1.1 Maanet tvcea. Amqnetis akrdywhitihasthe -of
attract% iron, steel, cobalt, nickel ard 02rtain other netals. Cme form
of iron oxide, called ~gnetite, edsts as a magnet in ita natural state.
lhis natural magnet was first lmcwn as lccktone, or leading atone, &cause
of ita directional ~. hhen euspendd arx3free to nwe, a rmgnet
will a.ssum a marly north-south p=sition. E!cdiean’adeuagnetic by sme
process are called artificial magnets. Artificial magnets ~s tie same
pew= of attraction e.rddirtiioml ~y aa natural mgnets. In the
balance of these discussions, refer- to a magnet is interdd to man an I

artificial magnet. A ~t ~9net is O= ~i~ re+=~ i’= ~9=ti=
over a long pried of tire, Wile a temporary magnet quickly lcses its
mayti= hhen the nk=gnetizingfore is renuvd. Surrmmding a magnet is an
area in whiti its attractirq pwer -ists. Theoretically, this area, =lled
a magnetic field, is infinite; Lut the field is usually a~ent only in the

clcse vicinity of the magnet. Magnets cczm in nary shapes, tut one of the J

nest cmumn is tie bar magnet (see Figure 5).

1.4.1.2 Fdes The erd rsgiom of a magnet are kncwm aa FOlee. The
erripointi.q _ geogra@ic north is calld the north-seeking or sinply
the north pie, ard the other is called the mth+eekirq or south pole. On
Figure 5 the hrokem lines represent the lines of force whid mike up the
imgnetic field. These lines of force are directional, radiating frcm the
north pole of the nmgnet, passing thrcqh the aurmurdirq medium, and re-
entering the magnet at.the M ple. Field strength is gr-kt near the
poles, where the lines of force are nmre concentrat05.

1.4.1.3 Maqnetic attraction ad rewlsion. If tkm magnets are close
-, their fields interact ard the magnets, when free tn nuve, -e
poaltlon. Ifthelinee of fores, axi hence the fields, ereti the aam
direction, they ted to cxmbine ard pull the magnets ~eth=. Figure 6
ahwe two her magmte with unlike pies clce tcgether, with the resultant
attraction. Figure 7 ahcwe the bar magnets plaazd with like pies clcse
together. ma lines of force are = in oppaite ~ione, ad the
fielde repel -~ other, ~i.rq the magnets apart. me strerqth of
attraction or replaion (1) ~ as the ple strengths increase, (2)
decreases aa the distance between the Pies inueases, ard (3) depemia on
the mdium tlmmgh whi& the lines of force pass. A magnetic field passes
nnre easily thrcugh sane ndxsrials than othera. ~ility is the
measurement of ease with whiti a autsb7m ~ a nqnetic field, as

I

I
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~~tiie==ofpessa9e thrmghair cravaannn. Ifthe linesof
force encounter uure resistance (nngnetic ~ition) in pazsege ~a
nnterial than in _ge thruqh air, the material is referral b es
diemgnetic. Materials nure magnetizable then air era called ~c.
Sud d“ tic materials as tin, gold, ~, silmr, zinc erd 1- are
acbelly slightly zqa3.lcz3by a magnet. r --“ materials ere
atbadzd slightly, ewo2pt the cl- kncwn es famampetic (h alluye,
nickel, ard cobalt) whid a magnet attracts strorqly.

1.4.1.4 Jnw actim remet ic fields. ‘IWoOrlmremctirq megnetic
fields ~ one resdltent field. Figure 8ehc%sthree ueqnets with
interacting fields erd the sifgle field prcdu&d.

1.4.1.5 Mol er SrrS1-asment In en urure~tized &c&, the nol~es
(actually tiny m-~ts them5elv72s)“are not aligned in any partialar rmnner

wi~ respect to ee~ ~. m ~ an ~g=tiz~ piece of iron m
steel with a magnet several time in the eem direction, the uolecdes are

arr-~so~ttiepiece ofironaete=ltec=es nngnetized. Figure 9
ehcws the nmleculer errengemnt tefore ad after magnetization. A Lxxiymay
h nngnetizti witha.m actually )32- tcuched by a magnet. U3gnetism
~c=d withmt @ysi=l commct is called “i.nducd regnetism”.

1.4.2 ~lectzamanet izm. In any electrical c-it, the flew of
mrrent thrcogh a aurluctor prcducee a ma-tic field araud that
cmmhxt.or. Figure 10 illustrates the right-had rule for ~ ‘irgtlle
direction of the mgnetic field prdtva5. ‘ib2thumb iniirxkes the direction
of Caxrent flW ti the fmere irdimte the di.r~ion of the field. If
the corductor is coiled, the lines of force cnnbim ad the milerl wire
kczmee a magnet. Figure 11 - ~ti a @ii, ~y =lled a solenoid.
Here the magnetic polarity is de~ ~ 9’r~@ * coil in the right
hand so that the firtgersirdiake the direction of current flw. ‘Me thxmb
then @.nts to the rnrth ple of the milts field.

1.4.2.1 Strer$?thof en ekctrcmaqne t. Withasoftinmwre~
inside the roil, the lines of fare ~ rmre amcentretd cud the
solenoid teczm?s en electranagnet. A megnetic field exista only while
current fl~ through the roil; if the a.urent fla is reverad in
direction, the magnetic plerity also rewrses. nleetmrgth of en
electrrzmgnet dep3dsupn the number of bmtsofwi.re in the mil and the
xity of current flowirg. Atom a saturation point, no imreasa in
either thenumterofwi.re turneorthec+myent fl- will
stre@hofenel

irmease the
ectnnngnat with a given axe.

1.4.3 Poeitionim a cermnmt mamet with ekctxmacrnete . First
cnmider a penmnent har Irdgnetnrmnted onapiwotneeren el~,
es on Figure 12. ~ the el~ gIw3tis mt. ~ized, thekar _
is free to turn. With a wltage a@id to the electrara
~W=t ~

gnet, thebsr
a F=ition deperdent on the F91arity of the el~gnet.

A given @le of the electraregnet attrect9 the unlike ~le of the bar
~mt - ‘Ihebar nxqnet tmrns on the pivot to align itself so thet it5

3
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scuth ~le is nearest the north pole of the el~~t. If the
electrtxmgnet reverses @arity, the lnr mgnet will again pivot, placirq
the mrth ,@e -est the elsctragnet.

1.4.3.1 Usirn k electrcnmonets. Figure 13 shcwe tm electrmragnets
placed at right arqles tn eati other W the pivoted bar magnet. As the
polarity of the applied voltage dvmgffi, the bar r=vt assumes the
irdicated pitions. on Figure 13(A), the side electromagnet is not
energizsd, ad the top one has wimnn effect on the kar magnet. On Figure
13(B), bth el=trmagneti have equal eff=ts. On Figure 13(C), the
p31arity of the voltage applid to ‘theside electrmragnet has &larKJed,Sr15
the ~ition of the bar magnet has changed a-rdi@y. Cm Figure 13(D),
the ~ elect.mmgnet is de—erknqized, ad the left-had electrmnagnet has
full effect. If the supply voltage to one of the elsctrcnnagmts is made
variable, so that its strength may be incrb or decreased, it is
pzsible to position the bar nmgnet at angles other than the 45-degree
intils ahc%n on Figure 13. Figure 14 ah- a lesser voltage applied to
the &p el~mm=qnet, allm+ing the side electrmwrqnat to have more effect.
This positions the bar mgnet at scme intermedia- angle which, in this
~, is 300 dsgreee. If the strength of each electrcmegret is nmde
iniep?rxientlyvariable as on Figure 15, the bar mgnet can ke made to
as.sum anY amgular pcsition thrcugh 360 degr~.

1.4.3.2 US’ma three electronncmets. For tie clc6est apprccd - far
F actual symhro operation, cnnsider three elsctrcmwgnets connected as
shcwn on Figure 16. If a voltige is applied betwe2.none coil @ the other
+cw2,the kar mgnet assume one of the pcsitions stwn on Figure 17. The
bar mgnet can also be ~itioned by applying a voltage betwen any - of
the three evils as ehwn on Figure 18. If a fixed voltage is applied
between - coils, and a variable voltage tn the ‘third,as on Figure 19,
the tar magnet assures = pition tetween O ard 60 degrees, deperdisxgon
the relative voltage amplitudes. AFPly~ the prop2r aanbirxationof
voltages to the thrw coils turns the har mgnet to any destied ~ition.

1.4.3.3 us”- AC inst-d of IX. In all previous .emr@es, CC voltage-s
have teen a~lied to the electmregnats. S- ayrchros qerate on AC
rather than DC, consider hat ha- if AC is applied to am electrma gnet.
In atmrbrd militery syrdrffi, the frsquency of the AC is usually either 60
.or 400 hertz. ~irg one cycle, tie vmltage an@itude gces frmn zero to
maxinuznpc6itive, back to zero, then to maximum nqative, * finally back
to Zelo.

1.4.3.3.1 polarity Since the ~larity reverses twice durirq one
cycle, the nti of ti&s the magnetic plarity rweraes each secord will
ke twice the excitation frequency. With an AC VOltdge a@i@ to a coil,
as in an electrcznagnet,the current dces not reverse at wactly the sanr?
tine as the voltage; hcwever, to simplify follwirq discussions, it is
assunsd tit it does. Since the plarity of an electrcznagnetdepcds on
the direction of electron f104, the,har rmgret is attracbxi in one
direction duri.rgore half-cycle ax? in the other direction during the next

4
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i
half-cycle. Eecause of i- im@ia, the bar nngnet cannot taun.rapidly
- to follw the dW@.TI n’egnaticfield.

1.4.3.3.2 Usim el@xmnsane ts. If the bar magnet is ri?pla~ with an
electrcmegnet, the sam results are a~lishsd as when CC was A
previously. an Figures 20(A) d 20(B), the wltagee a@ied to toth coils
are revers& at the same tire, w that the regnetic fields (direction
i.rk5iatedby amms) reverse at the aam time; wxler these cmrd.itions,the
el~gneta ere mtually attractsfi. On Figure 20(C), the Cormsdions to
the aiils are reversed; thelwer magnatkculdtum ifit were freelm&
so. ‘Me lcmar magnet is free to turn on Figure 20(D) ti pitions i&.elf
so that the mgnetic fields are all in the ~ direction.

1.4.4 Ftiase relationships. In corsiderirg tw or nnre AC quantities,
vnltage or current, it is sm-etims ~ to czzpare ~
polarities. If one voltage is gceitive or ncqative in ~ b a
referenm voltage (usually zero), it mxms nothing unless the specific ti.m
is stated when that cmrdition exists. For puqxses of this diswseion, it
is ~ to crxqare only ts.mAC mltages. If the Voltiges WKy so that
kuth are maximum ~itive at the Sa.retim W bath mx.inum regative at the
sane time, they are referred to aa king in @raa. Ifoneofthetw
voltages is raxinnnnpx+itive *en the other is reximum neyetive, they are

-i~ M b= or 1813d%r=s out of F+Isse. Figure 21 illustrates the
relative @roses of three AC voltag~. The arrcwa irdi=te relative @wise.

1.4.4.1 Effeztive w lue. ‘Ihareare other @ass relationship aa well
as in phase ard 180 degrees cut of @se, lam they are not discus.sd here
~use the AC voltagee in eynchrm are either in @esa or 180 &grees cut
of @ass with each other. ‘Thematers shwn on Figure 21 inii=be an
apparently -Wt vultage rather than the actual variations .shcnnin the
gra@s. Like the & magmt, the meter ~ follm the rapid changes in
~larity. It is armmn practi+ to =liirra& AC volbmztera to mad the
effective value (the value of AC voltage khid produces the sam heathq
effect as a ~ value cmnstant IX voltage), ala acme meters are
=lihratA to rezd peak values. Only effective values ere treated in these
di.scussiom.

● tKn’E*

Asyr&iro isruta three-phase
device. In three-~ devices, #e
three voltsgas are equal in
anplitude, bt 120 degrees apart in

w.

1.4.5 yransf0 ,n-er theery. iWIACe@rce mmected tiacoilcauees the
magnetic field ~ the coil to fluctuate. A ~ coil pla~ in the
vicinity of the energized cuil has an AC VGltage irrfucd in it. ‘ikmor
nxxe Wils so arrarqd form a sin!pletransformer aa ahc%m on Figure 22. The

==9iz~ wind% is ref=rsd to as the primry, e,rdthe wirdi.mIin whiti

5
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thevollxgei sinducedisreferred tnastheemrdary. me voltage
in the aemm%ry is _ent upn the tramformtion ratio, the

voltage a~lied to the primry, ad the @ysical orientation of the roils.

1.4.5.1 ‘framf~ 1”d mltaae. The ratio of the
aemdm—y voltage ti the prinnry voltage is mild the transformation
ratio. Figure 23 ehcws a transformer with a 25-turn semrrlary ani a 50-
tmil pri.lm.ry.3n a perfest tramformr, this l-to-2 ratio wmld provide an
equal transf~ ratio (0.5) and the ~ voltage wuild ke 57.5
volts. ~ in all transfcmnera.r=3ui3= that the ~.~
Prw ~ ratio h gr=+er than the transformation ratio. If the
trarsfomntmn ratio and prmary voltage are krmm, miltiply one by the
other to obtain the secorddry voltage. As an -le, if a transfonrer
with a 115-vult prinmy has a transformation ratio of 0.78, the semrdaxy
vol@ge is a~tdy 90 volts.

1.4.5.2 mvs i-l =ition of the coils. With the primary ad
semmhry roils ~itiond so that their axes are parallel, mxi.nannlinkage
exists, ad the hiuced voltage is mximun. me irdu~ secordary voltage
will dexeeee if the angle between the primary d wrdary axes is
~ frm zero deqree.s. On Figure 24, the primary is pivo~ ard the
~w is stationary. Aa the primary is turnd, the sem+ voltage

m=. On Figure 24(A), the voltage frm Cto D is maxinnnnard in-
with the voltage frun A to B. At 45 dsqrees (Figure 24(B)) the voltage is
reduced. With the coils at right angles (Figure 24(C)), m voltage is

J% the ails pass the 90-degree relationship (Figures 24(D) ami
24(E)), the flux linkages are revereed ard the voltage frcxnC to D is 180
degrees mt of @as.e with the voltage fran A to B. me gram (Figure
24(F)) shcws hm the voltage aml _ relationships change as the primry
is rotated. ‘lhesemrdary cmld h turnd ad the same eff= prcduced.
F@ardlese of whiti wirdi.ngrotates, or if toth rotate, the argle between
the wirriingsdetemines the induced voltage.

1.4.5.2.1 Examle of one mi.mrv mil ard three sem dam wils.
Csmaider a transfonrer with one prirmry coil d three -rdary roils
conm&ed as ehmn on Figure 25. When AC is applied to the primary, the
mltages tied in ea& secondary .mil deperriupn the pzsition of that
coil in respect b the prinkmy. If the pri.mry is made rotatable, it my
effectively be considered a syrK@o transmitter. The actual primiples of
operation for all synduce are covaT& in auksequent paragra~.

1.4.5.3 @eratim freguency.

•~~*

)

I
TransfOrmere andeymhms aredeeigned for use
on a specific frequemy ad etmuld ~be
operated on other frequemies ~use serious
&rage my reeult.
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I
‘IIWrate at whiti the field fluctuates is detemhd 17ythefrequerqof
the a@id AC, ad a different rati of change causes a dIarge in the
imhmxl mltege due to dmnges in lc6ses. If tm ~f orrmrs of equal
W--1- capci@ are designd * ~te on different ~ies,
theorke deeigned forthehighar frequncy my ix!made the @yeically
smaller of the am. ‘ihareare rare applications whereby 400 hz symhro
~ttere do SU@y control transfcmmre desigmsl for 60 hz.

2. REFmElicD3 CGCmmmS

2.1 Govemmnt daammts .

2.1.1 $limcificationsti s@r@az@ ‘IhafollmA.ng spcifimtione ti
stmxkds forma ~of this docalmn”t to the ~ ~ified herein.
Unless otherwise ~ified, the issues of these dammlts erethm% listed
in the issue of the Deputmnt of Defense Itiex of Specificaticms d
~ (lXX31SS)and supplement thereto, ~ified in the solicitation.

SPEXXFIC4TIOf{S

mLITARY

MIL-S-20708

MIL-S-81746

(See SUpplexrent1 of
Shea- .)

srAwn4RDs

mLITARY

MIL-.SIT+71O

MS17183

?4S17186

M.517181

KS35275

?4S35276

MS35338

FLS90393

SYNUCS, General Specifimtion For

~s, General Specification For

KIk3-20708E for list of a~li-le speifiation

~, 60 ard 400 ~Z

clamp Assembly (Syr@lro)

Washer, Orive (~)

Wut, Plain, Hexagon

Scr-, Machim+3rillfxl Fillister -d, Slotted,
Con-osion-ResietingSteel, I%s23ivated,UWC-2A

-ew, Wchim+rilled Fillister Head, Slti,
Corfoeion-Ri3eist~ Steel, Passivated, UNF-2A

Washer, Leek-Spring, Helical, Regular (Mum) Series

Straight Pinion wrendI

-1
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mLJTARY

)

MS90394 Pinion Wr-, 90°

MS90395 Sccket Wrench

?4s90398 ZerOi.mjRings

MS90400 Clamping Discs

MS90401 Adapter &senbliffi

2.2 order of Drdenm. In the event of a mnflict between tie -
of this stadard and the references cited hmein (except for asacciated
detail -if ications, specification sheets or MS standmds ), the text of
this standard shall take precedence.

2.3 source of dmumnta.

2.3.1 Goverment scecifimtions and stamiards. &pies of the
referencd military specifications ard stadeda are availehle fran the

Standardization Documents Order Desk , Blc@. 4D,

700 RO&Iins Avenue, Fhiladel@ia, PA 19111-5094. For specific acquisition
f-ions”, these dccumnta shcmld be obtained frcanthe mntracti.mg activity
or as directed by the mntracting activity.

3. DEFINITIONS

3.1 Definitions of svmhr s ad .sYnmrO Svstem tvl=e.

3.1.1 SM3@22S. -m are i=imlly transformers in which the
~1~ &tween the p:l.mry ~ secodary wirrlirgsmy te varied. mis is
a==w+sh~ @ de.=gmng we wm5i.ngs in the form of a e.tatorad rotor,
r~lvely, of a nutor-ltie devi~. Figure 26 is a c?keway view of
typlal Syncllros. ‘Ih.isdefinition may be expwT5d tn state that a syrduo
is an electrcm2chani-l device With provides a @ysical measure of shaft
pxition as tie rdt of an el~ic.sl irqmt; or amversely, gives an
electrical cut@ wh.idlis a function of the +ar psition of its shaft.

3.1.1.1 mm e transmitter. A tirque transmitter is a unit wtiich
electrically tramanits angular information according to the @ysiml
~ition of its rotor with respect to its stator. me rotor pition is
deterndnd mchanimlly or mnually by the information to be transmittal.
me erd result is the transformation of arqular data into correspotiirg
electriml values. lbrque transm“tbers are normlly mnnectd to other
torque syndnms (r~ivers, differential ~ivers, or differential
trenmittera) . Urtiercertain conditions, they my be u5e5 as control
tral-!smitm .

)
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3.1.1.2 OJntrol transnu‘ta. lXtX!ptfor kirq Cmnectd onlyto
cnntrol transfonnere or wntrol differential transmitters, cnkrxJl
transmitters perform the Sam function as tozque transnu“tt&re.

3.1.1.3 mm e differential translnitm . A torque &f farential
transmitter elscLrimlly transini-sangular information sqwsl ra the
algebraic am or diff~ of the ekctriml iqmt sq@i~ to its stator
fran a torque transmitter ti the angular ~ition of ita rotur with
~ to its StatOr. The mtar ie ~iti~ tn nmlify or cxured the
data frm the -e transmitter ~ ecm desi.rd anmnt. ltteelectrical
~ of tiis Wit will be amlid m a tcnque reeiver, another tmque
diffarential transnu‘tt~, or a torque differential ~iver.

3.1.1.4 Ctnltro1 differential transnu“ttq . This is functionally the
sam es the torque differential transmitter exept that it is used in
amtrol rather than torque syetsm.

3.1.1.5 P- e recei~ A unit whcse rotor essums
pcsition deteminsd by the eimiml input sugplicd to i-me%%run a
-.trmtter ox -e diff=mtial tramnitter. w proper
~atlon, the rotor met & mmected in parallel with the rot4x of the
associated torque transmitter, arxitoth eynduc6 ~ized frm the sam
px’er ScUrce.

3.1.1.6 mm e differential recei~ Aunitwhcse rotor assures a
@yaical psition deterndmd by the alg~aic sum or differsrrx of the
electriml in@e .supplisdfrm tw tcque transmitters, tw torque
differential transmitters, or one tmque transmitter ad one torque
differential transmitter.

3.1.1.7 Control transfomeq . A unit which, khen su@ied with
electrical information frm a transmitter or differential transmitter,

~~ m el-ical mtwt proportional to the sine of the difference
tetween the mntrol tram formr rotor arrjlecurlthe amjle represan@d by
the electriml irqmt.

3.1.2 Svnchro svstm. A synchro system is a ci.rmit omtai.nirg one or
mre eymhrcs that oprate on cuquler information ard cxnr.eythis
information over a distame (see 6.1).

3.1.2.1 Svetenl Atorque synchro sye&nisaeyetm in
which the tramnit 1 d= Ale -k.

I

3.1.2.2 ~ESxT. Amntmlsynd’um eye&n iea _
in tic% the transmitted sigml amtrols a source of pier ti& does mrk.

9
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3.2 @Ilninelccry.

3.2.1 m~t .

3.2.1.1 &tor w ition. Inspaking ofsyndrounitialri system, the
rotor pcf3itionis referred lx as an arqle of so many c@res, minutEs, or
eecmxis. Sti it is not always stated to what respect this aqle is
masund, a few s@miard definitiors are listed.

3.2.1.2 Retor erde. ‘l’herotor argle of a practical eynchro is the

w= ~ “al rc@2r displaceirentfrun the eyndru zero position,
masured in the pitive direction, at whiti the syrdro’s Out@ voltages
exactly mrrespafi to the outpt voltages of an ideal symhro set at any
specific rotor position.

3.2.1.3 Direction of retation. Direction of rotation, clc@wise or

cwnterclockwise, is deterndrd while facing the emrgent shaft en5 of the

~. See section 9 for stadard connectio= for symhros.

3.2.1.4 @cIular di~lac=msnt. lmy deviation in the ~ition of the
mvable wirdirq (the rota) , with respect to the fixsd wirdirg (the
stator), frcm a reference or’zero pcsition is called angular displacement.

3.2.1.5 Electrical zero. Electrical zero is the stimiard pition to
which all arqular displacements are referred. In section 10, el=tri=l
zero is defined for varicue types of syrdros.

3.2.1.6 Increds& readirq. w increasing reading is being sent to a
eynchro when the nmeri=l value of the information transmitted incrase.s.

3.3 Senm svstml. A =0 (shoti for sermmtor) is a device used in
eerw system that contains or delivers Per to nvve a cnntrol. A semo
system is an autcznatic control system whiti maintains a cordition at or
near a predetermine value.

3.4 ~ternune lcrly. In ad5ition tn those already mntio~, a
number of specialized term are usd in connection with servo systems me
nure cimnmn of these are defined here:

3.4.1 @==n-cvcle contrel. Cpen-cycle mntrol of a servo Syd2m mans
actuation of the esmmmtor solely by mane of the in@ data, the feedkack
devioe Ming either remved or disabled. It shculd be c1==lY under.steed
thatanylnedmll “em mat irclude a feedback provision in ofier ti be
classifid as a servo; ht in testing certein SX2XVUclumacteristics, an
~cle control is often useful. tier suti cmxiitiom, the elemnts
revolved are frequently referred to as an opm servo loop.

3.4.2 Clcsef3-cvcle control. Clcsed-cle control refers to nomsl
actuation of the systi by the diffemme tetween input ard cutfut dab,
with the feedkad device operative.

10
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3.4.3 ~inums mntrol mntimms control i5wsdtn describe
~~ationof~samo syetemonitsl~,~~of the
Sllnllnesaof the error. Allsystem considered inthie Lxxlkexerciss
mntimme amtrol; lnxmar, there aresystems hhitidomt.

3.4.4 pwiatim. lha deviatifm or ~ of a eerm is the diffe.reru3

~m~-.

3.4.5 lone1. ‘Iheerror sigralor~vol~ ie the
cormdiva sigmlsdwelopd in the system by a differema betwen
-.

inplt.sd

3.4.6 ~~ ml~. mstrment Smms.errl pc$m.reemos
are designations M to classify
-. ~~

~a~ti~ ~
tsemois omrstedat l-than 100wattamaxinum

OJntinuousc%@ut. A SenmUtm whcee rati.nq~thisaucamtiscalle
ap==~.

4.1 GSmSlral. A )cmdldge of unit cm@xwt.ion d daracterieti=
will prwide a tettar un5eretan5irq of eynduo ~ation. As stated
prwicu.sly, ~ are, in effect, trensformre Whr6a Pri.unry-ti
secomky czmplirg my te varied by physically -* the relative
orientation of the two wtiirys. ‘Mis is accnpliehxl ,j7ymxnt~ one of
the windings so that it is free to -te inside the other. ‘IIEinner
nuvable wirciingis rolled the rotor; ad the cuter, usually stationary,
wi.niiq is called the ator. ‘Ilw2rotormneiet230f either one or three
roils M on sheet steel laminations. me Stator normally ansists of
three roils hwurriin interm lly slotted laminations. In scam un.ils,the
rotor is the primary ard the stator is the eecm&ry. Inotheruniti,the
rwerse is true.

me laminations of the rotmr are are ticksd
on a shaft. Slip rirge.,UKUrmxicnalxl

insulated fran the shaft, terdntet heerxiaoft hec oil orcoih. mushes
rid% on the slip riqe pxuvide electriml wntinuity &rirq rotat.kn ad
l-friction ball bear- pennit the shaft m turn easily. In sbmiaml
symhms,t hs~iqsm stpaxmit~tion fmnw3ry lcnisp2dstispeede
es high as 1200 rpn. The follrwiq is a description of 13m cmnm type
rotors.

4.2.1 *1 ent mli rotor ~is type of rotnr, etwm on Figure 27, is
frequently e.llsd a “All:! or IW! rotor, ~usa of tk dwipe of its
wre lamimtions. ‘Ihawirrlingmnsiste of a sirqle ua~ mil
whmeaxisi s~icularto thetift. Whenwsed intmmanitierd
receimrs, the rotor fumtions as the ~itation or primary w- of the
~. Wm. qized, it term—es an electrumgnet with the poles
a.==ing cfp2slta magnetic polarities. Miq one e.xcitition~le, the

11
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magnetic pOlaritY WSS as ehwn on Figure 28, ad similar variations
will ~ in subsequent cycles. The gram tiicates an@it@e -iations
in the Sxcitbq current arc?the strength of the mgcetic field resultirg
frcznthat current.

4.2.2 Drum or wmrl rotors. Figure 29 shcws a mural rotor, with two
slip rings, u.ed in nmt Synchro Control tram formre, and in Sam torque
tralmnitters. Wluw used in differentials, three coils are kmm5 so that
theti axes are displac=slfrm each other by 120 degrees. One @ of ea&
mil terminates at - of three slip rirqs, while the other erde are

‘a. ~ti=. ~ w-s Of this type are ~11~ ,,y-
A si.rgleCOil of Wtie or a grmp of coils mnnectd b series

my & kmrd tn produ= either a amcentrat=d wimling effect, for use in
wntrd transformre, or the ssm distri.kutedwinii.ngeffect as that of the
salient pole rotor, for use in torque transmitters.

4.3 Stator instruction. me stator of a synchro is a cylindrical
stmcture of slotted landnatiom on whim three Y-connect—d roils are WC+@
with theti axes 120 degrees apart. Figure 30 shm.uea typial stator
as-eemblyami Figure 31 shows a si=tor lamirAion. Control transform.r
staims differ frcm those of other _cs mainly in that the cnntrol
transformr wirriingconsists of rare turns of finer wire. -+mrs function
as the primary wirdings in differentials ad control transform=, ard as
the semrdary wimlings in transmitters ard r-iv=s. Normlly, stators
are not cmmectd diraly to an AC ecurce. ‘Meir excitation is eupplied by
the magnetic field of a rotor.

4.3.1 SliD r’UCIS. Scam sym2hrm are sn cnnstructd that toti the
stator ard rotor my be turned. C!mnections to the stdmr are mde via
slip rirqs ard &ushes. In sme units the slip rings are ~ed to the
hcusirq, ad the brushffiturn with the stator. In other units the bm=hes
are fixed, ad the slip rings are rmmted on a flat insulated plate seczmd
to the stator.

4.4 Lamination stacking. Stator ard rotor lamination are sticked =
that the slots formal are either parallel to tie rotor shaft centerline or
displacd so that tie front 6275of a slot is in a straight line with the
keck erd of the pr~ slot. This displacement is mll~ skew, ard
sire the slot pitch is the arqular distance between slot centers, the
rotm or stitm is said to be skewed me slot pitch. If the slti of kot.h
robr ad etatnr are parallel to the shaft centerline, the resultit flux
mmtratiom of rotnr ad stator roils ted b make the rotnr Wslot-lock”
in -in pcsitions. Skewing &angee the flux mncmtration encagh to
overcnE this effed. ard its resultant angular errors. Either, kut mt
~, rotor or etator laminations my be ekewed.

4.5 Unit assmbly. l12erotm is nmnted so that it my turn within
the etator. A cylindrical fram hmses the assmblsd synchro. Stadard
~ have an insulatd terminal blcck secured to ona d of tie hmeirq
at which the internal mnrections to the rotor and stator t.lmnim~, and to

)
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which external ~ions are uncle. ~ euai~ial eym5uo
types of- ~ve pimil lmds brought mt frm inside the unit, rather

4.6 m~ ‘ttere. ‘me conventional synctuo transnuutter, * on
Figure 32, uses a salient ~le rotnr erd a -tor with akewd slots. k?n2n
en AC excitation VUltXIgeiS a~lied to the rolmr, the resultant caxrant
pmiuc=e a rmg7=tic field es ehcwn on Figure 28. me lines of foroe, or
flux, w wntinually in enplittrle.ad direction erd, by trensfozmr
action, i.duce Vol-ges in the etator coils. me effective vol~e ~
in SIIY~tor coil d- tqxm the arquler ~ition of that roil’s axis
with respcttot herotor axis. 141v2nthemxinnnn mil vol123geia knu.m,
the voltage i.nducd at any angular dieplacemnt - be detemhd.
Figure 33 shcws the voltige i.duced in one etator mil es the rotor is
turned to different psitions. me rotor excitation is 115 ml= erd the
mxinm coi1 voltige is 52 volts.

4.6.1 ~1-tetarminal .etatorvdtaqez. Becattsethe cmzmn
mnnection betwean the stetor coils is not acr22ssible,it is passible b
~e only the terminal—to—temnlna“ 1 Volbgee . When the mxinnm tennun“ 1-
to-taniml voltage is b-n, the teznuna“ l--temwn “ 1 Voltiges for any
displacement H te detemnimd. Figure 34 ehme hcw these mltiges wary es
the rotor is turnsd. Values are ekove the line when the terlniml-to-
teminal voltige is in phase with the R1 to R2 voltage, ad &lcw the line
Mum the voltage is 180 degrees out of @se with the Rl to R2 voltage. As
en SXaWle, when the rotor is turmd 50 degrees frcnntie reference
pcsition, the S1 to S3 voltige will be akcut 70 volts ard in phase with the
IU to IU voltage; the S3 to S2 voltige will ~ akcut 16 vulte alsa in phase
with the RI to R2 voltage; ti the S2 to S1 voltage will k simk 85 volts,
180 d~ees cat of @ass with the Rl b R2 voltage. li.lthmghthe tames on
Figure 34 resemble ti.m graphs of AC vmltages, they shcw only the
mriations in effective voltage amplitude end @ese es a function of the
rotor ~ition. In a tire graph, the horizontal axis wmld shw the tim
rather than rotor p2sition.

4.7 ~ivers. lbrque reivere, usually called re.ceimre, are
electrimlly identiml to torque transmitters of the sam size. In sczne
sizes of etamkd symhrcs, Uniw are desigmtd as tnrqua reeivere, ht.
may te usd es either transmitters or receivers. mass unite are alla
torque receiver-transmitters.

4.7.1 Rotor mvemnt. Noznnlly the -iver ia Umestrail-lExieXDept
for brush ti ~irq friction. Waanpwar is first epplieslto asystem,
the transm,utter ~ition guickly dmnges; or if the receiver is ewitdied
intmthe system, thereiver rotorturnsto~ to the psition of
the transzu,“tter rotor. mis sudden rrotioncan cause the rutor ti c6cilleti
(swing bck al-dforth) arourd the ~ =iti~. -t dus ti the
similarity between aymhrcs erd single-@ase ~ion mtnrst the rotnr
mY SPin if ~ f=t encqh. sane methcd of prevmting exces-siw
c5cillatiom or spinning mst te US05. In smll units, a retxmiing action

13
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my be prcducd by a ahoti wi.rding on the quadrature axis, at right
angles to the direct axis. M larger unik, a ~ical device knmn as
an inertia danper is mre effective. Several variations of the inertia

ClanpSrarein-. Dr020fthemre amnmn typs mnsists of a hmvy bras
fl@eel which is free tn rotate arcuml a km.h~ attached to the rutor
shaft. A tension spring cm the hshirq ruks against the fly.heel causing
than to turn together during twnml cpsration. If the rotor shaft turns or
ten3s to change its sped or direction of rotation su+denly, the inertia of
thec@3sr ~ the ~irrg corxiition.

4.7.2 8tator voltame rmuircd to us ition rotor. Figure 34 ehcws
tuth the vultages induced in the stator as a furction of rotor peition,
a.rdthe voltages which must ke a~li05 to the stator to turn the rotnr to a
destisd ~ition.

4.8 llxble remivers. mere are certain applications when the
r~~s on tw i.rdicatordials are to ke cmpred or add+. Follm’-the-
@nter @ arqle-reader dials in a Gun Dir-r Train Irri~mtor System are
gccd examples of such usage.

4.8.1 Follm%he-minter dials. In this type, two dials are rmnted
mncentrically. When the imiice.son tie inner ad cutex dials are alignsd,
the actual gun psition ard tie gun train order are in agreenent.

4.8.2 Amle-reader train dials. ‘Ihesedials are alsa crrc=mtric. me
cuter dial is driven by a receiver .supplisdwith l-~ data, ard is
graduated in 10-dsgree -emnts. me inner dial, driven by a r-iver
supplied with 36-sFeed data, is graduatsd in kmth ds.gr= ad minu&s. me
,- of tie two dial readings is the actual gun ~ition.

4.8.3 m 2R dmble receiver. m rsduce ~ce requirements, a
hm.sing in whim two receivers are nwmted has teen develo@--the type 2R
dmble receiver. me r-iver use? b drive the inter dial is nearest the
shaft cl-d. me receiver nearest the terminaltierd drives the-
dial. me M mF6, muntd batwen the flarges, should fut be rcmmvd
because it is inqxseible to reimert them properly withcwt disassemblirq the
unit.

4.9 Differential units. A mchaniml differential mnnects three
shafts t.qether so that tie rotation of any ona shaft is eith= the sum of,
or the differenm betkesn, the rotation of the other two. Synchro
differentials are s~lar in operation. me remlti otiti by connectirq
differentials i@msen other units of a systm are mver~ in 6.2.2.1.
Differentials ~ate either as tranmittere--me electriml and one
~cal input prcduce one electrical ou~t, or as receivers-w
el~i~l * prcduce one ~ic.al cutput. In differentials, koth
rutor ad
a cutaway

staior w-kings wmist of three Y-m mectsd wils. Figure 35 is
view of a typical differential.
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4.9.1 pifferential transinlutters. Differentials may be used as trans-
mitters in either torque or amtrol a@icaticms. In either use, the
stator is mrmlly the prhmry ad receives its excitation fran a _ or
amtrol transmitter, as _iate. ‘mevolt9ges agpearirgacrUs3 the
rotnrterm.m‘ lsaredetemmd ~thamgmtic field ~bytha etetor
currer& arrlthe @yaical pxition of the rotor. ~ mgmtic field
creatsrl~thestatnr~ aselmss an arqle L.* to tla?itof
the mgmtic field in the transmitter su@y@ the excitatifm. If the
rotor pcsition changes, the vol~e present at the rotnr ~ “ 25charqe5.

4.9.2 pifferential mlvare . As tmque @vers are previm.sly
~ed to fxxque tram-anitters,so may torque differential receiw2.rsbe
~sd to torque differential trartmittere. l)othrotmr m -W
receive emrgizirg currents fnnltorquetrar6nU “ttere. l’hetiresu2tant
nngnetic fields interact ard the rotor turns. ‘he position ~ ~the
rotor deperzison hcw the differential is conned& tothe Wo trmmiw -
Paragraph 6.2.2.1 ~ unit cmnections to obtain variws tiimtiom.

4.9.3 Vamformr action. It might a- thet a differential’s rotor
ad stator leads are interdangeable, tmt this is not usually true. In
section 1, it is mntioned that the pri.muy—~ turns ratio
detemines the primzy—~ voltige ratio. ‘I& roils in
differentials are wurrl so that when the axis of a rotor coil coincides
with the axis of a stator coil, the voltage i.rducd in the zutor mil
equals the voltage acrcss the stator mil. Tb provide this 1--1 mltige
ratio after lcxses, the -r mst have unre turns than the stator. If
excitation is applisd to the rotor of a differential transmitter, the
voltige imluced in the statnr is 1sss than the a@ied vol~. In
differential receivers where lmth wi.rslirqsare energized, the differential
stator ehmld & mnnectd tothetran91u .tter having the higher SsaJr&q
mrrent rating. If the transmitters are identical, the titnr ahmld be
mmected to the clc6eet transmitter to minimize the 1C6SSS.

4.10 control tram formrs. ‘Mere is an evar-increasti~to
w ~ es foll~up links in autczmtic control sys&ms. ~
alom do not FCSSSSS sufficient tozque (-irq paler) to rotate radar

~ or N ~e-; h~ver, q =UI mntml K== anplifyirq devices
whi~ - nuve these heavy loads. Fbr such applimtions, a mntrol
tremsformr is used. Figure 36 is a @antm vi~ of a typical mntrol
transformer (Cl’)with a drum rotor. ‘Ma winiings are effectiw+y “

~trat=d ~ ~ =re ~. _izti ~ is su@ied b the
stator wirrlirqsfrm either a transmitter (C2(or TX), or differential
transmitter (C13Xor ‘mX). The mgmtic field mtd by the atatnr
currents mrrespmis in psition to the pition of the field in the
~ SUFPIYW W =cititim”. By transfonrer action, a ml- is
inilcedintherotoror S&lm&ry Wird.ng. ‘me amplitude ard @lass of the
irdwcsd voltage depedsonthearqular displ.awrent of thecrrotnrin
~tOthe CX, TX, ~X, or’IUX rotor. Vihenthe tmrotorpeitions
mmespm5, the voltage across the m rotor is ndninnm The qx2ration of
these mits is descriked f~ in 6.3,1.
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4.11 Uite witi rotatable stitor. hen the particular system design
~ti, space Can & saved a.rdthe 1C6S of accuracy resulting frmn the use
of an a&litional differential can te overcome by the use of a unit having a
rotatable st.ator(see Figure 37). Do3pt for the rotors u.sd, a cantiol
transmitter, torque r-iver, or amtrol differential transmitter with Lwth
W-s rotatable -d kc?similar in construction. W&n a unit having a
rotatable stator is used, the rotition of tie st=tor providx the same
tifying or wrrectirq effect as that obtaird by the insertion of a
differential.

4.12 Cc17rarisonOf’60-hertz ti 400-hertz wits. mere are WY ways
in whi& synchrcs rale transformers. If two transforn=rs are to ~
made with identical pxer-hardl~ =Pabilities, ad one is to operate on
60 Hz arrltie other on 400 Hz, the one for use on 400 Hz will be physically
roller. The sam can hold true for _c6. “@Y’ rather than “does” is
u.ss$lkec.ause- 400-hertz unite are identical in size to theti 60-hertz
munterpwts. mis is done = that unite an be physi=lly interhrrgsd
withmt specia1 munt @ provisions. me reduction in physiml size is due
to: (1) the r~~ion in mre size; 1=s =e == is r~ir~. at hi@=
frsquency; (2) the nunkr of primary turn5; fewer turns are rsquirsd at
higher frqerq; ad (3) tie number of semndary turns; redu- in
proportion to reduction in nurkr of primary turns.

4.13 Sm2hro characteristics.

4.13.1 me. ‘ltmqueis si.rplya measure of hw n’mtiload a machine
can tuzll. In torque .synchros,only small lcwl.eare turned; therefore, only
a small amount of torque is r~irsd. ‘Ibrqueis expresssd as the prcxiuct
of the fore? ard the distance frcrnthe line of action to tie center of
rotation. In heavy nkatiinery,torque may k expressd in IXIurri-feet, ht
in syrx2hrc6,torque measurements are in curce-i.ndes (oz-in). Consider the
arrarqement on Figure 38, where @leys of different sizes are attachsd to a
Shaft. Whm the plley radius is one inch, the torque requird to lift the
attitied 6—cunce weight is 6 oz-in. When tie pulley radius is two ties,
the torque required td lift the =am weight is 12 oz-in. Inaeasiq tie

di~ &tween the center of rotation ard line of action increases the
torque required.

4.13.1.1 Unit toruue qradient. Unit torque gradient is the to~e
gradient of a Syrdro when it is conndxzd to and enerqized frcxna duplimte
locked unit. me rmrve on Figure 39 sJ_Iwsthe unit torque gradient for a
particular type of ayrdro. hhen this value is established as described
tdcw, it provides a measure of unit p2rfoz_rraneirde~ent of hm the
synchro is d.

4.13.1.2 Plot description of Fioure 39 curve. (1) mo torque
r-ivers were mnne&d in P3rallel with one rotor fixd in plae m the
other free to turn; (2) a special plley was attached to the shaft of the
unit @er b2st ad weights were .suspmdsd frrm the rim of the pulley;
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(3) the weights turned the ~lley ad rotor shaft; (4) increas~ the
weight susparded increased the antxnt the shaft turned; (5) the aaumt of
weight ~ed @ the wrr-irq shaft displaccmmts were remrded ti
the Czlrvewas plotted. A~rtion of themrveis~ ‘ally 1- ad
the slop2 of this lim2ar -ion is knmn es the tcuque gradient. Within
the nozmal limits of displacement, up to atcut 10 or 20 dqrsee, the _
gradient (expressed in cunce-~per dsgree) provides en~wayof
determin~ the torque praiucsd by the rota -t. Fbr exanple, at a
10-dsgree dieplacemnt, the torque @carted
gradient.

is 10 time the unit _

4.13.1.3 w 1 tom e uradient. Actual torque gradient is the imzxpa
gradient of a & ~erlwhen that5y@uo is used inasyetem. lhe
actual torque gradient fcr any unit depen% upon the number - type of
unit5 in a system.

4.13.1.4 Full-cut toraue. F1211-outtn~e is the mximnn torque tiiti
wbessertsdkyaa yn2hro unit mnnectd to ard energized frun a duplicate
lccked unit. Figure 39 shcws that the torque imreases with the rotor
displacement and r~ties a mximnn at 90 dsqrees. ‘Me ~11~ torque for
this unit is 30 oz-in.

4.13.1.5 Stator force. The tomque developed in a aynchro results fmn
the terdency of +s.mmagnets tn align themselves. Since tie rotor a ke
turned and the stator usually cannot, tha stator nut exert a fome ~irtg
to pull the rotor into a ~ition hhere the primary ad ~ fields
are in line. ‘Ihestrength of the field pruiur.@ by the stator deperxison
the current through the stator.roils. Current flew in the etator roils
deped.s inturnupm theiqxdame of the coils. since the current flw
detemi.me the mgnetic field strength, ard the field stre@h detemims
the tcmque, it follws that the unit tnrque gradient of a ayndmo is
inversely proportioml to the stator mil ipdance.

4.13.1.6 Acturacv is affscted twth e toroue aradient. Inasysta
mnsistirq of a transmitter drivirq a reo3iver, friction always muses the
receiver rotor to lag slightly tehird the transmitter rotor. A higher
torque gradient R=UIS that a smiler lag pmducea enough torque to ~
this friction.

4.13.2 mm e transml ter 103‘t d tioaci i one transmitter may be
used to drive a rnnnkerof r~ivere cxmne&?=i.n prellel, provided that
the transmitter can supply the current ~ to operate all the
receivers. If identiml receivers are squally lmded, the a~ximts
torque of each receiver ~ bz de~ by the formla:

2R
‘l’r’= —m

N+R
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where

Tr’isthe tnrquS gradient of@ receiver in them

‘n-is the unit tnrque gradient of the receiver

Tt
R ia the tmque gradimt ratio ~

% is the unit torque gradient of the transmitter .

N is the nunker of idertiml receivers

4.13.2.1 ~iti ion of Dlot shcrm on Fi@r e 40. Using this formla, a

gr~ m k plotted whi~ awlies to any situation where a transmitter
&lvee a _ of equally lcadsd receivers. Figure 40 sh~ ma a ~a@.
~thata~of@Fe15m~ rec=eiversareti&&lvm@atYW
3mx4A tramomtber. First, de~ the ratio between the two unit torque
gradient5:

31TX4A Unit lbrque Gradient 0.67
= 4 (approx.)

15TR4A Unit ‘ItmqueGradient 0.17

‘lhenlozate the ratio 4 alorq the tott.m of the gra@. Going up alorg tie
verticel line, curves for varicus numbers of receivers are cros=d. If
fcur receivers are operated frcznthe transmitti, the actual torque
gradient is ~ivelent to the unit tonque gradimt. If ~ly twu remivera
are usd, the actual torque gradient is 1.35 times the umt tnrque
gradient. It is a~mt frm the gragh that one of three conditions
exista:

a. If the torque gradient ratio equals the nmber of receivers,
the unit d actual torque gradiente are equal.

b. If the torque gradient ratio exceeds the numter of receivers,
the actual torque gradient of the receivers exceeds the unit torque
gradient.

c. If the tmque gradimt ratio is less than the nunber of
receivers, the a-l torque gradient is alzo less than the unit torque
gradient.

4.13.2.2 ~ lead racity. me actual lead =Pacity
of any unit deparde on several factors titi cannot be readily emnnarized
in tatxllarfclrnl.-ea.ei.rg the load on a unit incr~ the cdrrent
&mad, resultirq in a higher oparatirq t=np=atie. ‘lbde~
acmrately the lead mpacity, we must kmm’ the mximnn permissible

~ting =ature of the drivirq unit, the quantity @ type of driven
unlts,amthe~ “cd lc.sdsupon the drivm uniti.

18
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4.13.3 c%xzratim mltaa ~. Stan3ad ayxiroa aredesignedforuee on
either 115 volts or 26 volts. ‘lheqet-atirq voltage ie ateted on the
synciuo nameplate.

4.13.4 Cm2rstina temperature. ~~m~ti
sustain m dannge while operating or stardiq in an tiient ~~ of
-55°C + 125”C. ~Navy~ware requimi ticfY3mtJ2batueen
-25°C + 85”C. Early ucdel etardad ~weredesigmcl ani tiltto
cperate over the rerge -55°C to + 85”C. ~lified Pm5ucte Lists (QPL’s)
ware established to irdimte the omtractcre who Successfully Uet this erd
other cxiteria. ‘Meqp2r lhnitof thetenperature range wasexparddto
+125°C to witltstad the effec& of high ambient tenp2mtures ~ in
aerospace applimtiom. When a unit is energized, W not loaded, its
~tie ahculd not rise abve certain -if ied limits.

4.13.5 D- ial errarlstatl aocumcy W every physical ~ition
ofaeynchrorotor,thsre isa =~”el-i~l ~itim. W
diffarame betkeen actual @yeiml peition ar@ electri-1 paition is
knwn as electrical error. Scm3timee the electrical error is celled static
acmracy. For differentials, the error is Ueasuredfortuthrotmrard
etator. ‘Mis error is usually ec-qressd as a mximnll numteroflnhutes.
Sixty -tee qtlals One degree.

4.13.6 @Ceiver arroq. l?ISdifference b- the peition
transmitted by a TX or mX and the pcsition ae.sumd byalRor TIXlis)mwn
se r-iver error. In mamrh’q receiver error, the’lRorluRis~
to a tren5nitter, or trangnittere, of equal size. ‘l?& error is aleo
expressed in minutes.

4.13.7 nizi.natilrs!.In a torque system, the ~ition of the
receiver rotor cnrrespcmli.q to that of the transmitter rator is knmn es
the sy@mrme ~ition. lW pericd of tire rqui.rd for a reoeiver or
differential receiver to assure ad hold the ~ ~ition is ~lld
the aymhroniz~ ti.m within one degree. ‘Itteetardmd mthd of
de-i.rq synduanizing time is to connect theunitlmier&st, temi.nal-
tc—termm 1, to an identiml unit lcdwxi on electrical zero. ~
arethen taken of thetim rcqui.rdforthe~ unit rotorto eyndmmize
fran displac%mmts of 30 ard 177 degrees ~ 2°.

4.13.8 C9eratina steed. ~l~~~~~le of
~tim at 1150 ~ continuously for 2000 hours withcut dx2rml axial

Pr~Navy~areclased either aelmspesd or high

A. ~ unite must be capble of qx2rati.rg ‘mntmumsly for 500
hours at 300 rpn. High-sped units mst be mpdble of rotating at 2200 zpn
cantinuously for 1500 hours.

4.13.9 Min”mm voltaae arxifundamental Ommnent . Iftherwtm ofa
transmitter is at either O or 180 degres, the S1-S3 ternuna“ 1 voltage
theoretimlly will b zero (see Figure 34). ‘lhisis bssed on the
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ae.emption that the unit is so cnnstictsd that the S1 ani S3 wi.niiqs are
exactly identical ard have equal W oppsi~ voltiges i.m5uc=din than.
tits this perfect are seldcznfcurd. Figure 34 also shins that the S1-S2
voltige is zero when the rotor is at 120 or 300 degrees, ad that the S2-S3
voltage is zero tien the rotor is at 60 or 240 degrees. ‘llISSSsix null
headings are o~ina-ble in diff=entials ad control transfotm2rs by
shorting b stator leads together, a@ybg 78 volts (10.2 volts for 26-
volt syndurs) between the two shortsxlbmninals ad the unshortxrlone, ad
r=dirq the voltage a~ the rotor t.ernum“ 1s. The null psition deperds
on w+ich tm rotor leads are shorted together. A3thmqh the nu31 voltige
seldan falls to zero, it mst fall kelcw certain ~ificrl values. The
minimnn voltage, as read on an elmonic volbwt.er, will b the sum of the
furkhnental amqxment ad its harmnica, multiples of excitation frscpency.
By using a filter, the hanmnics can be eliminated and the fum%nental

v-t msasurd . This value also must fall belcYAa specifisd naximum.
The value of the null voltage is of major i.nprtance in control sycchro
system where the systm cutput is ussd to actuate a servo.

4.13.9.1 Null voltaqe of a control transformer. In a control eystm,
the control tramf ormr minimnn output, or null ~ition, is detemined by
the signal applied to its stator, ard my occur at any hading. ” Section 5
contiins additional information akcut the null voltage of a control
transformer (see 5.3.l.4d ad 5.3.1.5c.)

4.13.10 Control transformer tioltaaegradient. Figure 41 shins the
cut~t voltage of a control transformer. me sl~ of this curve frm O tn
10 dqrees is callsd the voltage gradient ad is exprsssd in volts-per-
deqree (v/deg).

4.14 SPed of svmhro units ard wstems. @ite often syr@m2s are
referred to as 1-- or 2-sFeed syndros, ad a syndro system is
referral to as a single-speed or dual-sped system. S- a 2-speed
syrdra is not the sam as a dual-spd synchro system, these term of
reference are defined in an effort to avoid cxmfusion. I

4.14.1 Data transmission O—rmpas atoard -t Mml
vessels is l-td belcw deck ~ &e %&Wof gravity. Gyro-.mpse
infonmtion, shmirq the ship*s awree, mst be transmitted b vdricus
C=W=SS repe.a~. In l-sped data transmiscion, a eymhro transmitter is
g-w5 to the gyr~ so that one revolution of the rotor mrrespds
to one revolution of the gyro—cmpas. Further, in 36-sFeed dab
transmission, tie transmitter rotor is geared to tum thrmgh 36
revolutions for one revolution of the gyrecmpass. Sin@y, the speed of
data transmission is the nurter of tires a symhro transmitter rotor must
turn tn transmit a full range of values. Units transmitt~ data at one
@ are frequently called l-spesd -OS. A unit transmitting dab at
36-sFeed wculd be a 36-speed syrdro, and so forth.

I
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4.14.2 mm sreed.s It is guite cmumn totransmit theeamdetaat
@m different ~. “Referrirq again b the ~, OInh.ip’s
~ data is ammrmly trartsnitti at l-apsd d 36-. A sys&m where
data is trar!sn.ittedat &m different ~ is called a dual- or dcuble

X ~. ~lly, a ~1~ system will be referred to by the
Sp2sd.sinvolvd; for emnple, “l- ti 36-sfxHl syetemP.

4.14.3 ~. ‘lbSammrize, the ~ of data transnissian is
referrsd to as l-speed, 2-spesd, 36-sIYsedor sune definite numriml ratio.
‘lbirdimte the nmkr of ~ at which dab is transN“ttsd, speak of a
stil~ or dual-speed tramanission system.

4.14.4 Dste.rminim the sDesd to use. It is obvicus that if dab a
ke transinittd at different sp?sds, or if the same dab is transferred at
different x, there must be certain advantages ad dieadvantages to the
various rethds.

4.14.4.1 simleeaCeSd Sv stem. Ifthedata toklransnu “’tti ~
only a mll range of values, a sirqle-spc@ system is normlly acarate
enmgh. For example, if a device roves only 6 ties ard the trelmnitix!r
rotor hhich is geared to it turns through 360 degrees, a total error of orE
dsgree in the tranm.itter d the receiver to whid it is mnnestd ca~
an error of 0.01666 i.nrhin the irdicated position. For quantities withaxt
definite refarem% values, such as i.nzreasi.rqrzuqe or tearirq, a si.mgle-

~ SYS~ ~Y ~ nnde as ac=rate as desirsxi. ~mter aaau-acy is also
eoss~le @ ~~ hi@=r SF=@. of da- transmission, such as 36-spe@.
Hcwsvar, in such an arrarqank?nt, the self-synchmnms feature of the 1-
~sysaislc=t. suppcse that while theprimuy~ tothe.e
1s interrupted, the transmitter rotor is turnsd. When ~ is again
applied to the syetm, the transmitter ad receiver rotnr shafts are in
mrresprd~ ~itiom, ht an indicator aupled to the receiver rotor
shaft my not shc%$the actual pition of the device geared to the
translllitter. ‘me nmker of pcsitions in whid the transmitter ad rseeiver
rotor shafts can corresqmti is the sam as the transmission ~. ‘Ilms,
in 36-spE@ da~ transmission, we have 1 corrti prsition ti 35 inmrred
~itions.

4.14.4.2 kal-sred Svsten. For accurate transmission withcaxt1- of
5elf—Sy@umms op2ration, a dual-sp2ed syetm is @. ‘Ihe1- dial
is graduat.sdthrough 360 degrees, ad the 36-speed dial is graduatsd
_ 10 dsqres. If toth dials are read, a nwra accarate ~irg
i.rdczkion is obtained. A czmron variation of the above SS@oye twu
control trensformrs in place of the _ reoaivers. When the error
(differem% in ~ition of transmitter ad mntml transform rotors),
axcx3ds a 02rtain value, the l-spe@ eynchro takes mntml ad rduces the
error to a small value. The 36-speed ~ then takes cnnt.ml ad
increases the a-acy.
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4.15

I

)
4.15.1 me AC ~t drawn ~ a coil. It is stati in 1.4.3.3.1 tlmt,

in ACci.rmiti, ti=mt thrcugh acnildceatireveree atthe sanetim
as the a@ied volf=ge. ‘3Yu3current re=real occurs after, or lags, the
vultage kryanammtoftk detx=rmrd ~ the coil @edance. consider
ftiwhathappmawhmm~ ml~ia=li~~amilof wire~~
an”imn on-e. Ttu2ACcurrent that fl-intis Coilhasa-ti
md~ ~~ ~ m h- the coil is tie (in this example, it is 1
-) . ~mhesof this current =re~with m I
oscill~ ard cxxpared with the line voltage, the gra@a wuld te as
illuatratsd on Figure 42. ~use such a coil is highly ircluctive,its
currmt reaties each pint in the cycle a3nvst 1/4 cycle later than the
a~lied voltage. In other WJzxia,the arrant lags the applid mltage by
alncst 90°

4.15.1.1 piffes=ntial or control transformer cnnnected to a
transmitter. Wnen a differential or control transformer is connected to a
tranmitti, the transmitter must supply the stat-orcurrents to the other
synchro. The tcstdlarrant mpplied is the sum of tw le5aer currents:
(1) the lcsa current, in @ase witi the a~lied voltage, which sqplies the
heat less in the wimiinga ~ laminations; h (2) the magnetizing current,
lagg~ the a@icd vultage by 90 degrees, which X= the m~tic I
field. Figure 43 shc%s the relationship of these currents ad the
equivalent cirmit of the coil.

4.15.1.2 ~. -use the wrrent5 are rot in *, the effective
value of tie actual current is 1sss than the sum of the tm value. By the
Sam token, the effective ~ of a circuit in wh.itithe voltage ard
current are mt of ~ is less than the volt-anpere prcduct. On
Figure 44, the wattreter tiiates that the pwer sugplied to the evil is
one watt, while the volt-anpere prcduct is tm volt-anp3res. Aa
illustrated, the pmer factor is rmmally expressed as a percentage; it
cannot W* 100 prcent .

4.15.2 e eff~t . The current drawn
by a cnil can he reduced by co-irg a mpcitor amcss it. In a
mpacitor, the current l-ds the a~lied voltage. Cn Figure 45, the

~~tir - &awa a aurent squal to the magnetizirq current Of the
The two cut-of-@ase currants cancel, ami the actual current is only

the lose current.

4.15.3 ‘l’heuse of camcitore with a control transformr. The Sin@est
case in which capacitors are used is acrcsa the etator leads of a amtrol
transforll=r. =* of the thre stator wirdirqs of a control transform
can te thmght of as czmsisting of a high rasi~ (ti~ draws the 10ss
currant) in parallel with an imiuctance (which draws the magnetizing
current) aa ahcwn on Figure 46. Plx2na control transform is connected to
a transmitter, the mrrent in each stator lead deperds on the ~ition of
the transmitter rotor d on the instruction of the cnntrol transformer.
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For .sxan@e, the current inthe S21eadreachee ita highest value when the
transnitter ison Odeqreee (or180degree3). ‘IYu3mrre31tinthes21ead
of a typical mntrol transfoxm2r masures &cut .032 ~ (32 milli.an@ as
ahwn on Figure 47. ‘I?liScm—rent Cmtsiats of * 10 Inillianps.10ss
wrrent, and abmt 30 millianp3 nsqnetiziq mrrent. ~ Figure 48, the

‘~~~~W-ent of each mil b tk! URItZOl tif~ -d &
~acrcss itacapacitxxr whichdrewanqua lard

~iti ~t. Since there iano ~ontotheammnl lead
available wtside the ~ case, this installatim wmld rut eperate
very well.

4.15.3.4 Ckfinition of a cam iw A syirhro capacitor
Consie of three qual delti~ &aci&e (es.eFigure 49), W*

are ~~ in a ====. ~ ~cim are tie in varims sizes to
czmveniently a ,cunmndata all stmdard differentials ard control
transfonrers. ‘Me syrdro cage,citnrunit is rat@ aaxud.iq tn the “total
cap3citanm” which is the em of the three cxipacitaces.

4.15.3.5 ~~QZ21!o ci .Iillen
the Synchro capacitor is Conmctdtothe-tori- ofacontml
transform, the magnetizing aurent of that unit is practimlly canoelled
by the Capcitor current, rsgardlsss of the transm‘tk shaft pmition.
For _le, the mrrsnt drawn by the control transform is reduced frm
0.032 anp to 0.010 amp bhen the synchro apacitmr is installed as ahmn on
Figure 50.

4.15.4 !lhe M of aoac~tors with a dif feren tial. When a
~ diff=ential is mnnectd be- a tranmittusr asd a receiver, the
stator currents are no lorqer zero when the shafts are li.nd up, as was
e%plainsd in the paragraphs on differantials. A2s0, ~use mrrsnt is
teiq drawn from the transfnitterad r~ivsr stators, their rotor currents
are highsr than norml. In a typical mea, the OJrrsnts have the mlues
shwn on Figure 51.

4.15.4.1 )Xf- on alrrants triaddition of a Came ito~. since the
current drawn by the differential is l~ely magnetizing cument, it a be
gratly rsduti by mmtectisq the~aynchro aipecitor aaoss the
differantialIS atator l~ds. TIIiS~ the Clement dramfrur ithe
transmitter, incr-i.rq the trmmiti23r~s o@xt voltxige,thus givirsja.
better tnlance ti dSaTeasing the mrrentfrmthe~iver. Inthew
shcwn akuve, the addition of a ~citor charqee the wrrente Ssahwnm
Figure 52.

4.15.4.2 Rotor 1Sads wnnect@ to a wntrd transforreq A situation
inwhichthewseof~ apacitars i.aevenmre~ “ithmmt
descri.tedabve, is %here a transm“tiu2rfeeds a diffarential - rota
leads areconn=&d onlytoamntml tranefoxmr. Inthie~, ths
transmitter met Su@y all of the 1~ ad nqnetiz~ Current forkmtll
theother wnits, sothe~mt drawn frunthetmnsnu utter Statnr leads ia
very high. ‘me values masured in a typical mea are sham on Figure 53.
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4.15.4.3 @iuction of load bv addition of moacitors. ‘Iheload on the
tranm.itter is gratly reduc=d by cnnnectirq the mrrset size syrdwo
=pacitor acrcss tie differential’s stator leads ard another a~ the
mntrd Imnsformr’s titer = ~~ on Five 54.

4.15.5 General notes concemdru evnchrOca oacitom. -o
ca~citors are specific=lly designed to perform a psrtimlar furction. It
is r~ed that substitutes, such as electrolytic _ pap2r filter
capacitors, should net be used. use of these typ2s will cause an
inaaxracy in the system. me recamm2ded type of synciro capacitor is of

PW foil COl@XUCtion.
I

4.15.6 Svnciuo capacitor lccation in SVnchro svstem.. A .syr%ixo
ca~~f~~+ould ke ncunt=d close to the differential unit or the wntrol

me intent of the synchro capscitnr is r-ered useless if
the high magnetizing cmrent of the unit is rsquired to flew through an
extensive lergth of wire &fore keirq ~lled by this apacitor (see
Figure 55).

4.15.7 ~~ Of camcitors to rech.reline current of a transmitter or
,receiver. hlw a tran9nitter or re=2iver is cn~ to an AC supply, the
current dram by the rotor is lazgely m~tiz@ current (see Figure 56).

I

4.15.7.1 Hf ect of addition of camcitOrs. mm =F=citirs are
connected across the rotor l~ds of each unit, the current drawn from the
AC etrp@y can te greatly reduc=i as sham on Figure 57. @pacibJrs are not
to becorlnecb= in the stator circuit te~ the transmitter d receiver.
me mrrent in this cirmit is zero; therefore, the ca~citor in this
lccation will increase the mxm.nt whim will =use an immuracy in the
system

svxhro ~wcitor tox=. necessity of havirg the
#05~pacitor rmmted as clc6e as ‘~t~lyti the synchro unit which

r~= a current COmSCtion, it is scamtimee mrdatory that the
=Fc!tors lmSt & nmmted in an ~ l~tion. Therefore, syndro

CZUL=CItOrSare ~~ in ~x= eiallY d=i~ for ~S WFCSS.
!rablffi II ard III list -O capacitor koxee available fOr this ~. -

I

4.15.9 Characteristics of Naw Standird Wnchr Da Table IV
provides a list of Navy stardard syr@ro capacitors”~ $e~%plaosments.
Figure 58 illustrates the stardard connections and current =Iuee of the
capaciti= listed in Table rv.

4.16 ~ 0s (SelXtorcls}..Servtorqs(special torque
receiver-type eynduc6, synchro relay transmit-, d eyt_dm3 amplifiers)
have been dwel~ ard are available ti bocst the ti~e, -e the @
ratio, ctmqe frm 60 HZ to 400 Hz, or vice versa, fOr -o ~. A
servtorq is a self-mntairei, rermte angular p=sitionimg h trackirg

I
devicefor mnvertirq -t synchro data intn an acxmrate shaft p==ition.
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It perform the f~ions of conventional kstrmmt ~ zuxl
aynchro tmque receivers. It mnsists of a DC mtm, enplifiar, ~
~lY, ard aynchm amtrol transform= (either 60 Hz or 400 W), all
nvuntdin theaameynchm frame. Detiils of these devices are amilable
in FUL-S-81746 or upcm request to ~ Offioer, Naval Air D@w?erhq

C=nt=f ~~- -ifi=ti~ @ ~ ~t ~ 53,
Iakehuret, N3 08733-5100.

5. L@ul ~ FQR FfLL-S-20708SYN-

5.1 @ad 1imits for MIL-S-20708 avmduc6 in tozuue

5.1.1 mm arralXz6m12rlts. me 1* of rereivers that may ke
~iedina &eeyetemdeper& upnthearrargemnt.of the~.
Three arrarqements are discussal (asshcwn on Figure 59); ’lbzqueSystem C
is a crznbinationof the first @m arramprents~ ~Aard B.
Note on Figure 59 that the torque differential transmitter units in ‘lbrque
System B d C are provided with ~-factor~ectirq mpacitors to
reduce the load current drawn frm the other synchro Uni=.

5.1.1.1 ‘lbmue Weten A. ‘me primry factors controlling the limiting
load of receivers are:

a. me allcwd nro&mn receiver error tier static cpration.

me allmed tsnp2rature rise in the torque transmitter produ+
by cirm;;ting currents aml by error currents.

In regard to receiver error, es the number of nxei- in a _ is
-eased, the receivers get weaker ad they recpi.relarger pmition errors
to overcme their restrain~ tnrque ard follrx the transmitter. m.ls, an
excessive systm lcadi.rgwmld proiua excessive receiver errors. A
practiml solution is to limit the numter of reivera to a value that
gives a system torque gradient no 1sss than tw-thirds the value of tb
unit tozque gradient of the receivers. ~ su&, at full systm load, the
receivers will give 50 percent incrw in the restrainiq torque cxqonent
of pc6ition error as cmpared to that obtai.nsdby one receiver amtrolld
by a duplicete size transmitter. me i.rrreasein the total psition error
is actually less than 50 p3rcent huse the eledximl errur cmpnent of
psition errur is not dependent on the nunbsr of ~ivere in the system.
me system torque gradient of equal size receivers in this system is given
with sufficient accuracy by:

U$JA”CN No. (1)

2r
T9G _

%r
na+ r
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where

T~ = system to-e gradient of eati receiver

Tu unit torque gradient of the m or mX usd as a TX
r.—.

TW unit torque gradiemt of -ch TR

‘a = ~ of -l size ~ls

-r the limiting mrdition that % = (2/3) %, the maXimum numb=rofsqual
size TR@s reduces to the follwirg:

(na)m ~ 2r mmm No. (2)

‘l’heloads obtati by usirg quation (2) are listed in Tables V @ XV for
the different sizes of torque tiansm.it@ra and r-ivers. In no-l
practice with the reeivers used only for psition indication, the error
currents are small ti the tenp2rature rise of the transmitter and
receivers will not ke excessive.

5.1.1.2 ‘l&t2Ue Svatm B. The lirmitirrgtnnrkerof differential unita
ad receivers are kased on the follcwing:

The load current rsquired to energize the differential units is
li.mi- & the value the torque trarsnitti an carry at a safe t.enp2rature
rise @ at a voltage regulation not excedirq 2 to 3 prcent for 400-hertz
units or 7 percent for 60-hertz units. ‘he limiting regulation valve is
higher for 60-hertz unite than for 400-hertz TX’s because 60-hertz TX’s
have porer mltage regulation ~ unit current than 400-hertz units.

b. lhe minim.m system torque gradient of the rei- is set at
tw-~ the value of their unit torque gradient, as was done for mrque
System A. In paragraph a abve, it is assmd that the differential units
in the eystm are energized solely by the TX unit, withcmt amtritution by
the receivers. me allcr.rableload detemined inthis~ will assure
safe cf=atim of the TX ard TR units, regardless of lxw many receivers my
te ewitdwd off the systmn. All 4o0-h@z TX units up to ard including
size 37 can su@y unity ~ factnr load current up to 3 percent
requ.lat+onwithout ex~ive tenp2rature rise ad up to 7 percent
~atlon fcm 60-hertz units. The limiting numker of ‘IDXunits in this
system is given by:

EQVI17CN w. (3)
1~

(nd)llmx‘ —
I~x
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hhere

%x =unity pier factur load alrrent of the’rx, athemx
uesdeea TX, for2ti3perent vol~regulatia for
4ootialxi5t07~ for 6okct.z

1~ = &rreded energizi.rqon—rent of a given size ‘i13X

For equal size differential unite h 6qusl number emi eizs of ~i~ on
each differential, the system tcuqus gradient of the resaivers in this

_ maY ~ ~ifid w the follmfi.rq~ti fornu.la:

Ts = aysten torque gradient of each ‘lR

Tw = unit torque gradient of the ‘IR’s

~ = mmter of squal size ‘17t1s

nd = number of qual size ‘Il)Xunits

Tu unittorque gradient of ’i%,orlllxus.erlasalx
rr=—

‘% unit torque gradient of n?

Tu unittorque gradient of ’rx,orlDXusedasa’IX
rd =

~ unit torque gndient of lR

For the limiting cordition thet T5 = (2/3)TW, Uts maxinum nuuker of
ren2ivers in this system, se calculatd fran equations (4) @ (5), is
given by the follcwirg fornula:

(nb)nnx G 2r’b

‘lheloads that are calalated by us- ~ti~)
ad XVI for different sizes of torque transuu ,
receivers.

mm N3. (6)

ereli.etd in Tables VI
differetltiale# eIr5
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)
5.1.1.3 l%ruue Svstem C. In this system, there are two receiver

loads, one on the prinmry side of the ‘IUXunits (load 1); the other on the
~ side (lead 2). The rnnnkerof differential units that may ke used
with -ch TKisthe -as for ‘Ibrque.Systm B. Astitien_of
receivers that may be used in leads 1 ti 2, these loads are deprdent on
ones.mther,aswella.son thesize of the’I’xard on tie size ardnurterof
the ‘IDXuni=. Inasystem Ofthis@pe, the ladsare obtaird froma
consideration of the syetm to~e gradient using a prcedure similar to
that given for lbrque .SystemB. A practical a~rca& is to solve the torgue
circuit of the system urcierthe follcwimg cotiitions:

a. I-cads 1 axd 2 =Ch have equal si2e reseivers.

b. All receivers are assumed to be at equal ~ition error of less
than 10 dqrees .

c. ‘lhe‘l?3Xunits are of equal size arrithey,carry equal shares of
the receiver load 2.

d. me minimum eysten torque gradient of the receivers in load 2
is set at two-thirds the value of their unit torque gradient.

e. The load ~ent requird to energize the differential units is I
limited b the value that the transmitter can carry at a safe mature
rise W a voltige regulation not exceeding 2 to 3 perusnt for 400-hertz
units or 7 percent for 60-hertz units.

‘lheratio of the system torque gradient of the receivers in leads 1 and 2
to theti respective unit torque gradients may be ~ressd approximately as

al-d
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1

where

T~l = system toxque gradient of each 2R

T=2 . syeteM torque gradient of Sad’I~

inloadl

i.nload2

Tul = unit torque gradient of ead’I’111in load 1

T@ = unit torque gradient of eat% ‘lRin load 2

%1 = ~drat~e sxis ~ Ofead’lminloedl

%2 = -dra~e ~S ~ ofeach’IRinload2

~e ‘ Pdratue axis ~ of each mx

~ = quadrature axis

nl = nurbe.rof equal

n2=num&rofsquel

nd=nlmlkeroflxpal

Mpedmce of translnitter

size ‘ill’sin lcsid1

size ‘JR’sin load 2

size ‘lDX’s

Comfxuisnn of equations (7) ad (8) i.ndi~tes that T52/T~ is always less
than T51/Tul for equal size receivers; therefore, load 2 IS Subja to
~atively tier tnrque. E4uetion (8), for T521T~, met, therefore, be
used to determine n2 and nl ad it is set equal to 2/3. ‘lhe~inate
expressions for n2 ard nl are shmm telcw:

rl(2r’2~-rd~-n21_@
nl s

‘2%+ rdn2

EQUATION NO. (9)
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where

Tu unit torque gradient of TX, or ‘IDXused as a TX
r. ._.

Tu
=2. _ .

TW2

%
rd. _ .

T~

ard n~, nz,

By setting nl equal
Obtainsd:

unit torque gradient of TR in load 1

unit ixxque gradient of TX, or ‘IDx~ ae a TX

unit to~e gradient of ‘Illin lmd 2

ratio of unit torque gradierta of TX and lDX

andqare thesamaaebove.

to zero h squation (9), the follcwirg squation is

mUATION NO. (11)

rd+nd

@ationa (6) ad (11) are identical and yield the nnximum numter of
receivers for Torque System B. Usirq this value as the starting peint for
lbrgue System C, the total number of TR’s in load 2 is r~ced by nd, 2~,
3~, ad so foti, until ea& ‘1’l)Xcarries one TR * n~ 2s calculated from
equation (10) for eati suti reduction in lead 2. The r=l~ obt.aind by
this IEthcd are ahcwn in Tables VII ad XVII.

5.1.1.4 Discussion of ?ables V. VI. VII. XV, XVI. and XVII. me
follcwing may be noted in cmmec7tion with the tables:

a. AH differentials energized fran ayncko transmitters are
provided witi ~-factor==ozmcting capacitors. The valuffiof these
~PaCi~~ are ~la= in Tables VIII ard XVIII. Without capacitors, tie
allc?.+ablenumber of differentials mld be rduced to between ore-third ard
one-fourth of the values shwn in these tabla.

b. Blockiq bars are US& to indicate that no satisfactory system
can be formd within the irdicatxd area.

5.2 Load limits for NIL-S-20708 amrhroe in mixed Svstems.

5.2.1 ~al.’ It m, teen cmmn practice to employ mixed -O
systems in wh.i& control transformers ti tnrque receivers are opsratd
frczna cxzmnn transmitter. In such systems, the position error of the
‘mntrol lead (CT units) has comparatively negligible effect on the atiacy
of the torque lead (TR units), especially when the Cl’m@uts are fed into
hi~ load @dances. By contrast, even the normal ~ition errer of the
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I
I r~~~ ~ sitifi- b

arrorsto inpairthe acca2racyof
Inaddition, this~~isaaxmpmied byecae

wa~e tfi b volti9e which maY izPir the aerczitivityof the
Conbn31 se.r+oson null positioning. W these m3asons, the psiticm
acmracy of theamtrollcad inmixr33synchro sY~iswt Ss. @e sin
straight control eystsns.

5.2.2 &9ui2=m2n& for SSfe and aaaueti u3rfornance m~
fairly aaurate end safe psrfornwn2 of UlixsdSyetxms, & follcuing

m~ shcdd be HEt:

‘metrenmittermsttethetorqua typs(l’x);notthe~l
M (a:: Both~of transmitters caneu@y l=dcuxren&to C1’
units, hat only the torque transmitters have ccmprstively 1- @danca2
level for effective ~ation of torque rcceivere.

b. lhe differential transmit-intendedti~ tmqueard
wntrolloads mst ha the tozquetype (T13X),whereas tiintxmkd to carry
only (X units nay be either torque differentials (lTJX)or umtrol
differentials (a3X).

‘lheload currant to the CT ard differential units tid be
limited ~thatpralucirq notuare thnakcmt30r4~tdrcp athal’x
ard CDX semniery voltiges in 400-hertz Uniw or 10 ~t drcp in 60-
hertz units, essming no mntritution by the ‘IRunits in sharing the load
cmrent with the TX. This limiting regulation assures satisfacb2zy
accuracy in the system withcut excessive -ature rise in the ‘lx,lR or
differential tmrsnitter, rsqizdless of - many units may he mit.&ed off
the system. In addition, with the shove voltage drop limit, the reduction
in cutpt voltage gradient of #e CT is lhitd to alxxt.10 percent for
400-hertz units or &t 15 to 20 percent for 60-hertz units.

d. si.Kelnixd syl@zmsyst0r6heve tnsmply?tim
transmitters (m’s) , the limiting loads can k determlnd
lbrque System ‘lhblesV, VI, VII, XV, XVI ard XVII. In these _~L,
the limitirq nunbr of lR units is already irdicatexl. It remains to
determine thenmber of Crunitsthetrreyke addeflti them system,
ad the numter of CI)X-CTkm-archesthat nsiyrepla= ‘XIX@IR~uherethe
lR units are not nesdzd. ‘i?iefollcwing guides are suitable for ~
limiting 1* in mixed Systsm.

5.2.2.1 Mixed ~ A. ‘me limiting number of a’s that Iraybe -
tothetorque systems ofl’ables Verd XV, bh.ichare TX+T?e@ESIS withcut
mterusdiate’mxq s,depeds upnthesize of thel’’xu.sededieskmin
‘12ablesIX ad XIX.

5.2.2.2 ~ed Swatem @ ‘me limiting Innnb2rof Cr’s that may &! S&ed
to ee~ section of the tozq& syetens of Tables VI, VII, XVI erziXVII, all
of *i* cnntain int.erm33iate‘IDXts,deperds - the number ertisize of
the lR’s in that section. Table X ahcxt3the limiti.rqnumber of CT*S that
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/
my bsaddedtiea&’IRof Tables VIand VII. ‘hble XX shine the limiting
rnnnbsrfor Tables XVI ard XVII. Hcwever, where the nunbr of differentials
of ~les VI ard VII is given aa a rarqe with- -e of the ’111lead P
differential, the limitirq numter of CT’s in eati differential brar@I nmy
ke incrti if the system does not utilize the ntixiinumn+ of ‘IDX’s.
The number of CT units in @ch differmtial Mawh may be determind by the
follcuirq formla:

()2nd-2
3-—

~-l

EQUATIDN No. (12)

n’~ = new mlue of CT lcdd ~ ‘IRin the differential ~~

~ = ~ load par TR of Table VII in the differential branti

Q = actual number of ~X’s =ied in the system

~ = msxinnnnnumber of ‘IDXunits all~d in the systey

As an example, wnsider the follcwing system frcm Table V3: 37TRX4A - (1 to
7), 18’ITJX4C- (1), 18TR4B or 18TRX4A P ‘IDX. If 11CT4E units are used,
reference t0T%3ble X shins that ~ = 3. Aesming nd = 4, solution of
qntion (12) yields n’~ = 6.

5.2.2.3 Mix& Svstem c. In this eystsm, a branch consisting of a ‘lTJX
with its load of ‘l’R’sis rauved frcm a torque system of l’ablesVI and VII
ax? replacsd by one or more CDX_ branches. Mles XI ard XXI shcw the
limiting numker of ~X’s @ the limiting numker of C17’sP C13Xthat may
replace a ‘ITIX-TRbranch.

5.2.2.4 Discussion of Tables IX, X, XI. XIX, XX. and Xx3. Paragraphs
5.3.1.4 a, b, ard c regarding use of p$er-f actor-corrtiirg ~pacitors for
~x ~ ~ ~iti, q~h Of CT’s ad mixing of CT’s, respectively, are
equally a~li-le with regard to Tkd31esIX, X, XI, XIX, XX, @ XXI.

5.3 I.oadlimits for MIL-S-20708 avnduos in amtrol svstems.

5.3.1 ~ti. ‘me quantity of ~ tit may
be cerried in”a cantrol ayatan depsn% upon the ~ific arrargment of the
system. The three arrarqementa ahcs..mon Figure 60 are discussed h the
follcuing paragra@s. The third arrangement is a cxxnbinationof the first
two. Note on Figure 60 that CT ad CDX units are provided with pca4er-
factor-corr-iq capacitors. In this nn.rmar,thesystems canmrry.akout
three tifourtimsasmnymx ardrYuni—mmecb3d directly to the CX,
ardcl’unitsmnneded directly b the differential. The primary factors
that limit eyn&ro lcadirq for the systems ahmn on Figure 60 are:

‘me limiting temperature rise of the CX and CDX unita, prcducd
~ theira~espective lpad cmrrenta.
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I

b. llie all- system regulation as a paraent drq in voltage
gradimt of the amtrol transformers, Contributed bythear, alxanilrnd
mpaiame of the CT units.

c. ‘l’hepermissible load “lnpdaoe oncrunib, soffi tilisitw
~t ~ fi wlta9e grad~ent ~ the reflection of pasition ~
_ Cl’units. In ~ ~ lx limib, ecznsallowance is
nmde in the values of anrected ~izirq Current of thecramim units
to acoamt for normal variation in supply frequemy ad for wariation in
optimum capacity _ units of the e.anEtype.

5.3.1.1 Control System A. ‘itleImxi.nnmlnulnterofcr%is &&mined&
limiting system regulation, or the drop in voltage gradient of the CI’,to
approxintely 10 percent in 400-hartz unite or 15 to 20 pement in 60-hertz
units. CX voltage regulation ia limited to approximately 4 permnt in 400-
hertz units or 10 rercent in 60-hertz uni~. ‘lW follcwim cnuations are..—
applicable:

vRs=~+~ EJJUATICNNo.

Ia=~IdGti EGLLWFIctl’No.

where

‘%=

%x=

%=

%x =

system regulation or drop in vultage gradient of a

mltage regulation of ~, or CZ)XUr4xias a CX, due
unity ~ factor load cdment it delivers to all

voltage regulation of a CI’due to a minimum l-d
~ of 15,000 cinrsacrc6s its -rdary

(13)

(14)

cl’

tn
uni&

total mrrected energizing an-rent drawn frcm the CX or
Cl)Xused aea CX, byitsl~d of CT’s

b =Inmlter ofcr’s in the Systenl

Id =ermgizing wrrentre@.redty acr

~~=~factorofa~

Si.rn3~islini&d toa ~telY 10 ~ f= 400 ~, 15 ~ 20
~for60ti,ti~is ~~, ~ may te c2Ua12at@ fran
equation (13). Fran q~lly de&rmnd data on voltiga rqu.lation,
I= for the calalatd value of ~ is obtai.rn3j.Wkstitc~ this value
of I= .wxithe as-rti eneryiz@ current of a Cl’,namly, ~ co@~,
into equation (14), the limiting numter of Ci”s say te ala.lated. %
results for Control System A are -i.IIWleS XiISrKi XXII. mr the
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~ified loads, all units opsrate within their allrxm.bletemperature rise
values.

5.3.1.2 ~B. - nscdnum number of Cr’s arzlCDX’S is
~ ~ limitirg Sys&m rq’ulaticn, or the clrcp in voltage gradient
Ofthecr, to ~-lY 10 ~ 20 ~. ~=, ~l~ge ~atl~ ‘f
theaielimited tiabJt3ti 4~tin400-hert-z orlO~t in 60-
hertz Uni-, m similarly for the mx. The follwiq equatime are
a@ic3ble:

v%=v%x+~+v%t EQUATION (15)

la ‘ %Ilxix Ict -et EQUA’TICN(16)

Ib = I* asB& mTICN (17)

I= ~ ~[Ia + Ib] EQUATION (18)

where

% = _ regulation or drq in voltage gradient of a CT

= voltage regulation of CX, or Cf3Xused as a CX, due to
uni@ ~er factor load curzxmt it delivers to all units

= voltage regulation of a Cl)Xdue to unity pa.msrfactor
1- aurent it delivers to its lead of ~‘s

‘%X. = voltage regulation of a ~ due to a mininunnload
mpiame of 15,000 &m acrcss i- secnrdary

Ia = -1 cmrrectef?energizing cm-rent drawm frczna CIIXby
i- load of CTts

WIW = number of CT’s mrried by a mx

Id = emrgizirq current required by a Cl’

ccse& =pmerfactorofa~

Ib = wrraded eneryiz~ aurent drawn by a C13X

I* = =-3iziw current rquired by a CDX

%x = total lead current deliversd by the CX, or CDX used as
a CY.,to pmr-fa~~ mx’s alT5CT’S

%ix = quantity of a)x’s used tithe systm

34



MIL-HDBX-225A

‘lbsimplify =Ialations, ~ is selected as 1 for eab ww ~-fm
canbination. The number of CT’s -isd by the differantaa“ 1 k arbitrarily
Selectsd. For this amiition, equations (16), (17), SIY3(18) are solvsd.
Fruu exp2rinEnCally &temind data a wvl~ mtion, ~ arrl~
~ to Ia erd Ia, reqx$tiwly, are Calculabzd. As ~ is a
masursd value, all terms on the right side of quation (15) are krrxin.
ma values of regulation for the tenre in squation (15) are ampared with
the limiting values Sp2cifid. menum&r of CT’scarrierl by the
differential is then decreasd or “~es~,tiw ekuve
~e r~w until a limit% 1- factor is reached. me PZCU2SS
descrtiak cveis repeatedas ~is~ progressively by one,
until the limiting number of differentials is readwd. me results for
COntrol System B are shc%m in ‘RiblesXIII and XXIII. Ftx the ~ified
loads, all units operate within the allrwatde tenqxrature rise values.

5.3.1.3 mntrol SYStem c. mereare twf!rloadsi nthiseysbm; CT
load 1 ammctsd directly to the CX, @ m load 2 ~ directly tQ
@ ~x. _ r-lation, or ~ in mltige gradient of the cr, is
always pmrer for lead 2 ~usa voltage regulation of the CX effects M
CT lcds squally, tit voltige regulation of the ~ is incliziedin the
system regulation for the ~’s in l-d 2 only. w this reason, Table ~,
which lists the loads for this system, gives the limitirq drcp in voltage
gradient for ~’s in load 2 only, me same a~rh ti equations hold for
this system es for &mtrol System B, except that ~ end I= incltie the
loading due to the CT’s energized directly by the CX (r& for load 1).
Using the load limits of System B es the s~irg gdnt, the Cr’s in lad 2
arersducsdbyl,3 . . . Uni- x U3X, until e3ch f2)Xmiss ona CT.
For each suti reduction in load 2, the mrreqxuxiirq allcx,+able~ in
~ for load I is mlculated.

5.3.1.4 Discussion of Tables X31. MII and XIV. me folllY.&lgnotes
apply in connection with ‘hbles XII, XIII ti XIV.

a. All differentials energized frcm synrhro transru“ttera arsiall
mntrol trarsforlreraare to be used with ~-factor~estirg
capcitors. me values for these capacitors are tahlaki in ‘IktbleVIII.
Without pcwer-factor~rr~ ing capacitors, the differential ad Cl’leads
wuld & rsdmd to tetween one-third ad cma-fcurth of the values skwn in
~les XII, ~11 ard XIV.

b. ll~4E and 15C!r4C units are considered as a gzu.rp in Tables
XII thrcugh XIV &!cause they have appmxiratily equal weight on the ayetem.
Similarly, 18CT4C ard 23~4C units are considered as another grwp. me
irdi=tsd quantity of Cl”s allcx.d for one graxp in Tables ~1 thrcugh XIV
cantemede upof either one t~of CToroftmth~ of~’s in that

w.

All aq%te!nscxwry nure units of the l~4C SIX323C1’4Cgraxp
than of ~ llC1’4Ead 15CT4C ~.
~ ~ional weight.

‘nlesetw groupeofcr’smayk Ulixd
For axanple, the system 23CX4D CT of ‘hble IX my

be used with the follw~ sutdivisione of load:
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Q.mntity of ~’s at hill Ed

l’ransn!itti llC’T4Eor 15CT4C plus

23CX4D o
23CX4D 5
23~4D 10
23CX4D 15,
23CX4D 20
23CX4D 25
23CX4D 30
23cZX4D 35

18C!T4Cor 23C!T4C

70
60
50
40
30
20
10
0

d. me imliated load on each transmitter msy be increased by
apprtitely 100 percent when the control transmitter is replaced by a
torque transmitter of the same size. For CCntrol Systm C, !I’ableXIV, this
implies a 100 percent ircreise in lead 1 @ in the indicatd nun&r of a)x
units, wittmt altering the irdiated load 2 per C13Xunit. ~is larger
lad with the ~ will not deteriorate the voltage gradient. Hmever, the
null voltage Ot@xt of the CT units will likely te larger with the torque

utter.translnl

e. Blcckirq bars are used in Tables ~1 through XIV to tii-te
that no satisfactmy system mn be formal wi+hin the tiicated ar=.

5.3.1.5 Di~ion of ‘1’ablesXXII, XHII W XXIV. The follcwimg
notes a@y in mnnection with Tables XXII, XXIII and XXIV.

a. All differentials energized frmn synchro transmitters ad all
control transformers are to bs usd with pwer-factorarrecting
=pacitors. ‘me values for these capacitors are taimlatd in Table XVIII.
Withat pcwz--factor-corrsct~ capacitors, the differential @ CX loads
wculd te reduced to akmut one-third of the values shcwn in ~les YXII,
XXIII @ W.

b. The 15C1’6Dad 23C!l%Dunite are mnsidered as a group in
Tables XXtI thrmgh XXIV bemuse they have approximately equal weight on
the aystm. ‘me irrii-t.d quantity of m’s allowd in Tables XXII thrmgh
XXIV can Mmadeupofeit.her one~of~or ofkothtyFe= of CT’s.

c. Of the three types of mntrol transmitters ard contil
differential transmitters that were available (18~X6D, 23CX6D ard
23cY3X6C), only two satisfactory mntrol systas mn ke set up.
Cmsequently, available torgue transmitters h tirque differential
transmitters w=re added in the determination of control ays@ms. The CT
null voltages of these systems my be several time higher than the CT null
voltages for syetans made up of control units only, because 60-heztz to~e
-G generally have higher null voltages than control ~.
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d. Blccking bars are used to iniicate that no satisfactory ~
can be f- within the.irdiated arm.

6. SYN~ IN AC1’ICN

6.1 ~-. SYdUCe SrS eeldan ussd si@Y. l?teyhark in
teai7s,endthmt wormresynduc6 arein~ to !mrk b@her,
they forma symchro~. suchasystem nny, depxliq onthe~d
errargemnt of its cxqumnts, )x3pit to uses whiti vary frm piti~ a
sensitive imii~tor to cnntrollirq the nutore whi~ nvva a gun turret
weighing many tnns. Ifthesynduo sysbnprwides anm?dmu “ml Cut@
tiich dces the actual positioning, as in the w of the irr.ii~tnr,it is a

we w. If it provides en el-ical -t which is used only to
cnntrol the ~ Mich dms the mchani~l wurk, it is a mntrol system.
Ctm-_-olsynchrce are usually ~ of a laxger system called a ~, or
autcmntic cnntrol, system. In many cases, the same system is callsd upn
to perform tuth torque ad mntrol functicns.

6.2 mm Svstems. ‘Me individual synduos which rake up a
torque systxcn;e designd to meet the denards placed on them trythe
mschani-1 lead which such a system is ~ to hardle.

6.2.1 n~ utter and receiv~. me sinplest synchro systi cnnsists
of one torque transmitter ard one torque receiver axmectd in parallel as
stnxn on Figure 61. It should te emphasized that the chief differ-
tetween the transmitter end the recx3iveris one of function. me
transmitter is the unit wi-msashaft is turned; the receiver is the unit
- *ft fOliO.45. ‘l’hetwu are not almys in~eakle. They are
electrically idential, tuc the receiver usually has an inertia damper ard
cerLain other refinerents not present in the transmitter. In the follcwiq
-1=, fo- SqUal ti ~i~ to these turning the reiver rutor are
present in the transmitter tit do not affect its rotor psition kecduse the
rotor is not free tn turn. In practice, the transmitter rotor is
msdmnially cunnected, usually by gears, to the m.&ani9n furnishirq the
information to te tr-tted. The OXstand@ dwiracteristic of the
tr_tix2r-receiver system is that, as Sam es Lmth rotors are connsdA
in prallel t.othe sane AC source, the receiver rotor assumes elrlholds the
~ electri~l ~ition as the transmitter rotor. Unless the transml.Wx?rs
ad ree?ivers are energized frcm the sare AC smrce, thesysticalnmt
function properly. If the transmitter is ~itiond at O degrees, the
receiver rotor turns to ad remains at O dsgrees. If the transmitter is
turned to 30 dsqrees, the receiver turns with it to 30 degr~.

6.2.1.1 Rotors in wrresuJn5ina -It ems.
. .

Consider first the
MI@itions cxisti.rrgin the tranm.itter-~iver system elu%’non Figure 62.
Eat.htransmitter d receiver rotors are at O dsgmes. In the transnu.-,
a naxinnnnvoltage of 52 volts is i.rducedin the S2 coil trythe alternating
magnetic field of the rotnr coil ~USS ~ ~1~ tetweenthesett!m
coils is nnxi.rmnnat O degrees. ~eSlend S3coilsereeowmrri thatat
O dsgreee, the irxiu~ voltage acmes each ~il is 26 volts, in @as.s with

37



MIL-HDEK-225A

the S2 voltage, W less thn mxinnnn be=ause
CCZIDISZItn the rotor in this ~ition. Since

S1 and S3 are less closely
the recei- is electri-lly..—.

identiml tn the trsnanu‘tterkthe tmroixrsareconnedd in parallel,
the voltage iniuced in =Ch -i- etatir coil exactly equals that of the
-esprdmg trarsmuutter titer coil. Notiae, ~, ht in each =
it also qpcs.es the trarsmitt.ercoil’s voltige. me trarsnu“- d
receiwr are like M AC generator prcducirg equal voltiges Lut warkirq
agairnt each other. Nocurrent can flcwinthe transmitti thrcuqh Slad
S2, or S3 ti S2, because in the receiver equal ad ~iti voltegee
acrc6s S1 ard S2, d a~ S3ard S2, ~the current flew. In -~
~f=~oelectri=l Stat.Orcircuit of the system, the sum of the voltage is

arrent flws in the stator coils to ~lish a nsqnetic field;
therefore, no force is exerted on the rotmrs.

● tWI12*

The fact that the rotors in this exanple
are at electrical zero is not i.mFortant.
Similar static cmmiitions result frczn
W Q= rotor ~ition so lorq as it
is the sams for toth rotors.

6.2.1.2 Rotors not in corTesEotiiru cceitions. Asstrm2nw that the
transmitter rotor is sddenly turnd to 30 degrees. The irduced voltages
acrcss S2 d S3 inmu33iatelydrop ~use ccuplirq to the rotor his been
-d . hcr~ ccuplirq increases the voltage acmes S1. ‘Me
balance between transmitter W receiver stat-orvoltages has keen
destroyed, arxlcurrent flws in each stitor circuit in direct prcpfiion to
the voltage unbslame existing in that circuit, as shwn on Figure 63.

6.2.1.2.1 Affect on the r=iver rotor. Eanine the magnetic
polariti= established in the system at a ~icdlar instant, euti as that
aesumci on Figure 64. It can be seen that in the receiver, eadI stator is
act~ as an eldrmagmt to turn tie ro@r in a ccunterclcdcwise
direction. Since the rotor is free to move, it rotates to 30 degrees. At
this point, it again i.rducesstator voltage equal to ticse of the
transmitter, current * flcwi.rqin the etator ails, ard their magnetic
fields collapse.

6.2.1.2.2 ~ iti ns. ‘me same gemral idea
tmrks in any ms.s where the two rotors are in different positions,
~~ of -t those individual pcsitions may be. Figure 65 shws hw
the stator Vol=g- ZUXIcut-rentsbehave if the tmnsrru“tter rotor is turned
to 120 deqrees while the receiver rotor is held at 60 deqrees. In this
-let -l% of * ~ rOtOrS ~ CCJrreSPO* ~~r ~ils cliff=
ume than in the previcus case. me unb.alti mltiges are, therefore,
p?, ~ =e &tor cm-rent flws. & a result, the magnetic ml
s tO,h the &KJ shafts to identi=l psitions is stro~er than

Figure 66 ehws the mgnetic polarities existing at a particular
~t for this differerce in rotor pcsitions.
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6.2.1.3 m di.rectlonof Pceim rotatlrQ. Whenthe teethof
t!muecharu“calgeare erermeshd, the gears txrnin~ite digestions. If
athixdgear isedded, it turns inthesame directicmss the fimt. Th.ieia
inpmlmt herekesalsesyndlro tmrquar13aaiversereoftx?llcmneC&d tlnuugh
a train of mchan.ial gsarsto the device ldl.ictltheyoQatatu2, err3whetMr or
not forosis a@idtithedevio3 intltesau e~cmestha tinwh.iti
therecaeiver rotor turns deperds on whether thenumbar ofgeareinthet.min
iscckiorwen. me’ ~ m, of ~, istolwvem dialer
other devi~in therightd~ion, am3even ~thereere no gears
involvd, thisnnyhcqp2si@ tothedirectia bwhitiths receiver mtar
of a rmnwally ~ system tid turn. Either of these two factors, ad
ean3times a aznbi.mtion of toth, uay make it neasazq to have the
transmitter turn the r~iver rotor in a direction ~ite tn that of its
C%llrotM-. mis is acxxm@ished ~ reversi.rqthe S1 ard S3 ~ ‘Cnlsof
the transmitter-rss2iversystem, so that S1 of the transmitter is ~
to S3 of the receiver ad vio3+ersa.

6.2.1.3.1 @t.ors at variws dwr Ses. With therotore at O@res2s,
conditions within the system remain the same es with nonml stator
rnnnediom, since the rotor caxpl~ to S1 al-dS3 is equal. 6ut ~
that the transmitter rotor is turned cumtercloskwise to 60 degrees es
shcwn on Figure 67. In the transmit~, rraxinnnnrotor cmpli.mg in3uces
nnxti voltage acrcse S1, hhiti awes nnximml current to film thrcqll S3
in the receiver. ‘me magnetic foxces prcduced tuzn the receiver rotor
C1-ise into line with S3, the rotor’s 30~ ~iticm. At this point
the rotor again in5uces vmltages in its stmtnr coils tich equal ~ of
the transmitter coils to which thsy era cmnectd. Noti= that only the
direction of -tion changes, not the enumt; 300 deqrees is the same es
minus 60 dsfyees.

● FXJIE*

It should b em@asized here that the
51 Sr15S3 connections aretheonlyonee
evsr”mtemhaqed inas@xladsyn&iro
Systenl. Sti S2 represm= electri=l
Z5r0, charqbq the S2 lsad mld
intrcduoe 12M~ errors in heading.

6.2.1.4 ~. WIISEwr the LutorsofttiO~

~ xe in diffarent pasitiom, current flwe in * *tor WiIld@s.
mestmmJth of thewentflcl#lirq inachstator leaddepsNlsln the
difference between the voltages in3ucA in the M roils to hh.ichUIS lssd
~. ‘MS vultage untelanoe, in tuzn, depards on two thirge: (1) the
actual pcsitions of the rotors, end (2) the difference &tween them
~itions.
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‘1
6.2.1.4.1 Effect of difference t&ween twm rrsitiorvs. ~ that an *

ammeter is ~ in any one of the s+ator leads (the S2 lead, for

_le), @ -t the two rotors me held S0 tit there iS a ~~~t
differeno2 tetween theix pc6itions tile they are rotatd tqether until a
@.nt is f- at wh.i~ the anuneterirfliatee maxinwm stator mrrent. If
the difference between rotor pcsitions is then imreaeed ad the -tion
-M, a different nminnnn readiJk3is Obtdiilsd. Each tti the
difference betwen rotor pitiors is changed, the mxinnnn titer current
that can ke mined W W- a-l rotor ~itio~ is -~.
Figure 68 is a graph shaing hcw the value of the mxinum stator cmrrent
de- on the difference between rotnr psitions in a Wi=l case.

● FaYI’S*

In practi=l qeration, the position of
the receiver’s shaft.wcmld never &
mre than a degree or so away frm the
transmitter’s, so that maximum stator
cmrrent tier normal wnditions wculd
be less than one-tenth of an zwpere for
the synchros used in this -le.

6.2.1.4.2 Actual rotor msitions. ~ see hw actual rotor ~itions,
as well as the differerce ketween them, aff- individual stator currents,
it is only ~- to ~e the -fi StatOr CUZTat in eati lead with
the strength of the rmrrent in that lead as the two rotors are turned
through 360 desgrees.The difference in rotor ~ition with which the
mxinnnn stator mrrent was established should ke maintained while turning
the rotors. The gra@s on Figure 69 shcw hm the current in ead of the
three stator leads deprds on the mean shaft position, the pition that is
halfway between the pition of the transmitter rotor ad that of the I

receiver.

6.2.1.5 Rotor currents. A syrchro trarsan.itteror r-iver acts like a
transformer, and an increase in the stator -rdary cxrrent results in a
mrrespmlirq increase in the rotor prin-ary current. When the rotor
o.rrent of either of tie units is plotted on a graph tier the =
omiitio= as those us@ for nnximum stator cwrents, it appears as sham
on Figure 70. Alticmgh all three stator carrents ere zero when the shafts
are in the w psitions, the rotir aurent is not. As in any
transfonm=r, the primary draws - current with no load on the “ke=omlary.
‘Ibiscurrent produces nkignetizationof the rotor and *lies its lcsses.

6.2.1.6 WhY there is no tiroue at 180 decrmes. S- the Stator
arrert increases with the difference in rotor ~ition, @ since the
~gmtic fields of the etators i.rcreasein strerxgthwith tie stator carremt,
lt a~ the torque or turning force exertd by the receiver’s shaft
shculd b greatest when the transmitter d r-iver rotors are 180 degrees
apart, tit =tily the _ite is true. To urderstard this, first consik
the current cnrtiitionsin tie -o system shmn on Figure.71. Sin@ all
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the voltiges aid each other, strong currents flew in all three etator leads.
If the two units are the aem SiZe, the arrents aretheeamasti hh.iti
wuld flm if three -tor lads were shorted txrgether. Obvimly, thss.e
strong arrentsprcduoe~ul magnetic foroes. ‘lbsee why no_
results, cansider the polarities existing in the system at the p3rtiaaler
instant assured on Figure 72. ?c3Pwerful -they are, the forces exerted
ontherotor work against each Other insucha =ythatthei.r effects are
eqiml and ~iti. me resulting torcpJsis zero. In actual situatim,
the twu shafts do not stay in these positions unless held there. me
slightest displacement of either one destrqe the balance, ard they are
rapidly braqht into ~m pc6iticms.

6.2.2 -e svstem c.untiinim differential w “ts. me
demsrds on a eynchro system are not always so simple es the psiti~ of
an tiiat~ dwice in respxne to the information received fran a single
sarce. For exanple, en error detector usdi.n~ firewntrol
equipmnt earployea eynchro system to determine theerror inagunturret’s
pc6ition with respsct b the trai.nirqozder su@ied by”a dunmy directm.
‘lbdo this, the eyrduo system nut a~pt twJ signals~ cantaini.mgthe
training omler and the other giving the eurret’s actual p3eition. me
_ -t then cmpare the @m an5 pition an i.diator to ehcu the
differ- ktween them, whim is the error. Obviously, the sinple synchro
transmitter-receiver systems considered up to this point &d not hanile a
job of this sort. A different type of eyxhro is nee3ed; cme which -
acrept the ~ition-data signals sinmltam2cusly, add or subtract the dab,
ard furnish an cu@t Propotiioml to the sum or differm uhich it firzls.
mis is wh~-e the eyrhro differential czmes into the picture, because a
differential - p.rform all thr= of these functions.

6.2.2.1 Differential units. Synchro differential units are disass.d
briefly in 4.9. The etator of a differential is similar to that of the
Sinple transmitters ad receivers di~ in the preced~ ~egraphs, lxt
the rotor is totally different. It is ~ with three coils instead of
one. It is as.sun& in the schematic diagrams of eynchro differentials that
the three rotor roils turn arois@ an A axis in the center of the diagr~,
theelectrical ~itionof therotor kei.ngslnxn trythearrcwontha R2
lead. If AC carrent is flc%’ingin either the -W or rutor coils, the
Voltiges in3uced intheother grcupdepemion thepeition of the rotor,
since this da@nnines h closely the coils are cxxpled ti one another. If
all cixwi~ are omplete, currents flm in trothrotor a-d stator coils.
mess currents generate i.rdividualrmgnetic fields arcazrdeach coil. me
~ @ direction of the magnetic field is &terdnd @’theatre@h
ad direction of the current flm in the coil.

6.2.2.2 m&Sl! ic fields . “t d. tial
transi’nl%t . Thora@ analysis of the interaction of a sy7@ma sysbm’s
~-ic fielx is mmly CXXIP1-, but the ~11 effect is relatively
s~le. When current flcws in the titer evils of any eynciro, irdividuel
nagretic fields are prducsd araud each Wil. Lenz’s law states tit when
current is flwing es the result of en irrlucedvoltage, the magnetic field
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which the “iurrentprcduces qpx=es the magnetic field which iniucs5 the
Voltige. I.nasymhrotransnu “t-, the Stati Volbges are irduced lrfthe
fluctuat~ msgnstic field of the rotor. ‘lheMvidual mgnetic fields
armxl the stati coils therefore ~ the field of the rotor, ad the
stator cmils are + hrud ad positioned that the i.niividualfielda canbine
to prrduce a reeultant stator field which is qpsite to the field of the
rotor.

6.2.2.2.1 D- ion of maunatic fielde. The sbtor leads of a TX
(torque transml.tter) are cmnectd to the COrrespmibg stator lads of a
‘IDX(tmque diff=ential tren=m.it-) on Figure 73. The reSUl_ StatOr
field (shcwn tryopen arro.J)prcduced in the TX directly cpfcsesthe TX rotor
field (ehcwn by solid arr@ , since mmresFo~ stator coils of the two
units are in series. For exanple, if S2 of the TX is in series With S2 of
the lYIX,the current flw prcduces a resultant atator field of equal
Strer@linthemx. Hmn2ver, CJrrents in mrrespotiirq stator coils of the
~X are ~ite in direztion. me dirtiion of the stator field in the ‘lDX
is, therefore, qqxsiti to the dirtiion of the TX statir field, Lmt
identicel to the direction of the TX rotor field. The ‘l13Xrotor coils are
~sarlY SPced 120 d-= a-, in ~ = rmnneraa the TX statOr

The !lIIXstator field is identical to the ‘IXrotor field, nsglactirq
Strellcircuit lc6ses. The result is that the T13Xstator field acts upon
the ‘lTIXrotor just as the TX rotor field acts ufon the TX atator. If Ih2
stators of a ‘IR(torque reiver) are m~ to mrrespordimg rotor
coils of the ‘l13X,rotating the stator field of the ‘lT)Xwith respect to the
mtnr prduces the sam effect ti the TR as tumirq the rotor of a TX in
previma examples.

6.2.2.2.2 Weition of stator field in relation to rotor is contmllifq
factor Before mnsiderirq suti an arrangement, hwever, it must be made— .
clear that the mntroll~ relationship in the ~X is the pcsition of the
!IIIXstator field with r- tn the rotor, not with respect to the l13X
,stator. Su@cse that the TX rotor in the previous -le is turned to 75
degr-, ard the lIIXrotor is turned to 30 degrees as shcwn on Figure 74.
‘lhe‘lI)Xetator field is ECW pasitiomd at 75 degrees with respect to S2, kt
the angle at which it at-s the ‘lIIXrotor is 45 degrees, using the P.2axis as
a reference. ‘l’hisis the angle whicisdetmninee the signal whim the ‘lT3X
tmrasmits. Notice that turning the ‘lDXrotor 30 dsqrees czunterclrdwiw
decreased the argle between the ‘lT)xstator field ami R2 by that anmunt.

6.2.2.3 HW the differential transmutter subtracts. The mnner in
which the torque syst5n mntainirg a ‘K)Xsubtracts one in@ fran, or adds
it to, the other can & figuratively dmcrited aa the pr.sitioningof the
magnetic fields. Figure 75 shais suti a system ~
AuechaN

for subtraction.
“=1 -t of 75 degree is applid to the TX ti mnvertd to en

elsctri=l signal whid the TX transmits to the ‘IDXstator. ‘Itu2mx
eubtracks iti cwn ~=1 input frm this signal, ad tra.nsnu“ta the
result to the ‘lTl,which provides the torque system’s ~ical out~t in
the ~ition of its rotor.
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i
6.2.2.3.1 turned to Odeqreeq m~hcwthisresu2t

is accapliehd, amsider aditicms in a“TX~-lR system htb3nthe lX ad
‘II)Xrotorsare~to Odegress, asillustratsxi tmFiguxe 76. It has
tietuwn titorqueisdevelc@ inasynchro receiw2r tihr~.~mtor
into a ~ition whid cmrrsqmti tititof an~txdtransml
the TX411X~eyetem rcwtei.rrgconsidered, the113X statorfie2dhas~

In

theplace of the TXrotor, as faraethe ~iscnremfd, Slliwlnxrotar
has taken the pla~ of the TX etator. l?te‘IRrotor, tlb2refore,follcw6 the
angular psition of the ‘1’13xstator field with ~ to R2 of the ~.
Si.ro2this isOdsgrees, thel17 ret.artxrnstothatpm3ition, ardths
eesolvedthe~tion: odegreee -o~. odeg-ees.

6.2.2.3.2 mane tic fielda. Cn Figure 76, the ‘dlreCtionsofthen3x
rotor field ad the ~ etator ard rotor fields are also irriicalxxi.
‘Iheoreti~lly, vhen the system is in perfect hslance, the TDX rotnr
voltages equal ard Cpp2se the TR Stator Volbges, so that no Cmrellt flm!rs
in these circuits. Actwally, there is usually a slight wnbalanoe in rwlxir
~itione due to friction in the ‘lR,even umkr static @iticuts, @ ~
nngnetic fields are generated. me ~ Of the ~ is to irdimte
the directions %hich the varims nagnatic fields assume astheywirgti
psition. Notice that a voltage unhalm betwenthe TDxrotortithelR
etatar prcduces a ‘l13Xrotnr field tiich ~ the T13Xstatic field, while
thetorque pro5ucedinthalR turns that rotor field eo that itlineswp
with the !177eixitorfield when the system ~ into &lance. mis does not
contradict Lenz’s law, tecause the ~ rotor is separately ~ited ard its
field is not the result of mltagee iducd by the ‘IT1statcm field.
Whenever tw ideperdent magnetic fields are in cloea proximi~, they
tiia&ly align themselves if either is free b nmve.

6.2.2.3.3 With ‘I13Xrotor at Odefrrees ard TX rotora t 75 d~ me
illustration on Figure 77 assures that a 75-degree irpt is a@ied G the
system by turning the 1% rotor to the 75-dqree p2eition. me ~X etator
field follo.#s,ad since the ‘K)Xrotor is at O degres, it also ~ a
75-degree signsl tiich the ‘Il)Xrotor transnu“ts totham. me’ll? rutor
acr.mrdinglyturns to 75 degrees, ard furnishes the eyetemes ~ “Cal
cutput. mis illustrates an iqmrtmt r.de:

~themxmbIr iseto&gmee, tlm?
wandwmltz92eofUw2mx ereec&al#
andlc#ircJis~ frrmlor Exkklitot&
m sigln.1. ‘13Y2131rotnrfo31Lae3tis3’Ixe
eracuy. Inttk?~case, tlx2s@xalltne
EYlti tlw?eql@icn:

75 ~ -odqr2ee.75&~sA

6.2.2 .3.4 With713Xrotor~~30~. The actual ~
fumtion of the TWX ~ nmrea~whenitecun rotKJristwmEIito30
degrees (see Figure 78). me ‘lnxtiter field remains at 75 degr%ss,
mntrollsd by the ~ition of the TX rotnr; tut its angular psition with
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respct to R2 is d-ti ~ 30 degrees. me
rotnr a-d transmitted tn the TR is 45 deqrees,

signal ticxd in the ‘IDX
the TDX having subtracted the

1
anrmnt ticb iti cam rotor is turned frai the”sigrdl transmitted by the TX.
‘211eegJatim S1-ISIJ-: 75dee4-30~ =45 ~.

6.2.2.3.5 CldCWiSe roLation of l13X. ‘IheTX_X-TR systm trets a
clcckwiee ~tion of the ‘IIIXrotnr as a ~tiw mlue. Suppc5e the l13X
rotnr is ncw turned frcm O deqreee clockwise to 330 degrees with the TX
rotor still at 75 degr= (= Figure 79). The rotation is, in effa,
thnmghan a@eof W30Wees, tich is the anuunt thst the T13X
subtracts frm the signal tramnit- by the TX. ‘Iheangle te- the ‘I13x
-tor field a.rdIL2is k- b 105 degrees, ad this is the signal
transmitti to the ‘JR,whcse rotor turns to a cnrrespti~ ~ition:
75 L~; + 30 &lees = 105 d~.

6.2.2.4 Hj utter dds. Frequently, it is
~ to set up a TX-’IIIX-TRsystem for addition. lhis is done by’
reversing the Slard S31eadSke~ the TXard’IDX sta’uxeardtheRl ad
Fu lexl.sbetween the !lDXrotor d the TR. With th= cmnsctio~, the
system behaves as illustrate on Figure 80. ‘ItIe75- ad 30-dqre.e I
nsdmnical @ts applied respectively to the rotor of the TX ard the rotor
of the ‘I13Xare added ad transmitted to the ‘Ii?,whose rotor provides an
~t@ equal to their sum by turning to 105 deqr~.

6.2.2.4.1 J2ffectof individual stator fields. The r~n for this
kehavior lies in the eff~ of the i.miividualstator fielde on tie
resultant etator fields of both the TX ad ‘ITJX.Ctmsider what happens *en
the TXrotmis turndto75deqrees while the’IT)Xis~tat Odeqrees (see
Figure 81). ~ the ~, with the rotor at 75 degrees, increased txupli.rq
tetween the rotor ard S1 increases the current in, ad consequently the
magnetic field arcurd, that cmil while the field etremgths of S2 m S3
decre proportionately. ~is -uses the resultant field of the ~
stators to rotate crxmterclockwise, rerainimg dtiectly opposed to the rotor
field. The system is no.4co~ so that the increased cmrrent in S1 of I
the TXflwe thrcniqhS3 of the lT.)X,while.decreased currents flew Vu-
S1 ad S2. In the ‘l13X,therefore, the strong field arc%ud S3 has a greater
effect on the resultant etator field, whi& rotates 75 degrees clu%wise.

6.2.2.4.2 Revereal of Rl allaR3 leads. Hcwever, the FtlarriR3 leads
between the ~X d the ‘IRere also revereed. Just as in the simple TX-

terdmrqed, bxque is develqed in the ‘IReyebsm with S1 W S3 leads in
whid iamms the rotor in a direction ~ite to the rotation of the l13X
-W field. ‘lhe, the TX~R-TIR systan cnnneded for addition behaves in
theeame wayasthe system mmecb3d for subtraction as long as the ‘IUX
rotnr is at O degrees. The TR @or follcwe the TX rotor wactly.

6.2.2.4.3 EffSCt Of TT3X~ ti 30 d~ess. When the l13XrOtOr is
turned to 30 degrees (Figure 82), the angle between the ‘IDXstator field
ard R2isircreasA trfthatan-cunt. lhisappeare tothe’IIt asan
additional rotetion of the l13xstator field. In tramnittirrg the TX signal
to the ‘l’R,the ‘l13Xadds the amount its mm rotor turns.
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6.2.2.5 m differential recei~ h previalsly expleislsd,the
differential r=ivsr mainly varies fr& the diff~ “1 trensnittez in
its application. ‘Iltel’UXineschof theprevia.Ls f3mn@2samMnsditswn
inp.rtwith the signal frun a syrchro traPsnitlJ2raIxl~tterl the axnor
difference b a ~ receiver, tiich providsd the eys&n’s m32heru“ml
output. In the case of the differential receiver in a ixrque e, the
differential unit itself provides the system’s Ue&Eulical C@alt, -lly
Ssthesunl or difference of the electriel sigrnls receiti fran X

Figure 83 illustrates this ~tion in a system
~an~~ti;m~ (tozxpe diffmtial receiv@

6.2.2.5.1 HW the differential receiver subtracts. In considering the
operation of the ‘IQR,it is “qmrtant toremenbrthatite rotiarrsnte
do not flm as a direct result of the rotor vol~es irs?ucd bythe
fluctuatbg stator field, kt only es the result of an unbal~ ~
these fi~ ,mltages and the iduced etator voltages of”the TX b whi~
the’IURrotoris~. hlum the rotor of this TX is tunxrl, its
stator voltages are charged, ard current fl~ in bth the TX stator ad
‘IDRrotor coils. ‘l%e‘IURrotor field established by these currente rotates
inthesme direction, with reqxd to R2, asthe’IX rotor. Unlese the
rotor of thel’xcnnnectd b the T13Rstator is tumcd by en -l anumt,
the ‘IURrotor @ stator fields are displaced with r- to each other,
d a strong magnetic torque intnsdiatelycpe.ratesW hr~ the tho fields
lxickinta alignmnt. Sti the ‘I13Rrotor is free to nrnfe,it rotati
aanrd~ly, restores the voltage balm in the ‘IURrotor circuits, ad
rsduces current flw to a lcw wlue. Figure 84~hcw this works ina
* ~~ for subtraction *en the ‘IT3Rrotor is initially at O
dqrses, ard the rolxxs of the two TX’s are rotated frcanO dsgrees - 75
deqrees am530deyrees asehwn. ‘Thesignal franthe’l’Xwnnectd to the
‘IT3Rstator rotates the resultant stator field 75 deqrees gterclcdwise.
In a similar nnrmr, thesign31fran theother TXtn the’Il)Rrotor also
rotates the resultant rotor field munterclcdwise 30 dqrees with respect
tn P2. Homwar, since the Wo resultant fields are not -~ by equal
anuunts, toque is develcpxi to txirq them into alignnent. T& rotor
therefore turns to 45 degrees, at which point the tw fields are alignd.
‘lbbring its resultant field into alignmnt, the l13Rrotar ned only be
turned thrmgh an argle squal to the diff~ betwen the signsls
su@id by the b TX’s. This is W requi.remnt of the SyE&m.

6.2.2.5.2 lim the diffarential receiver adds. m.sw2tupthesys&m
just -idered for a~ition of the _ to the thm TX’s, it is only
~toreversa the R.lard R31eads batwsen the’InR rotaralt3the Tx to
~ich it is mnnec&d. With these amneCtions revere@, theeystJ2mop2xates
as kn on Figure 85. Figure 86 illustrates hm resultant magnetic fields
are ~itioncd to praiuca this resdt, again aesuu@ that #s2’nRro123rie
initially at O degrees, while the M ‘I%rotors are turned fran o @rees b
75 dsgrees ad 30 deqrees es ehcwn. ‘h? luR etator field still rotates
counterclockwise 75 degrees, lmt tecause of the reversal Rldm
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~ions of the ~ -r, the rotor field rotates 30 degrees clodcwise.
‘I& angular displacement’of the two fields with r- tn each other, then,
is the sum of the signsls trarwmittsd w the twm TX’s. The nkagneticforce
pulling the ~ rotor field intn alignmnt with that of the stator turna the
lUR rofmr to 105 degrees.

6.2.3 ~ a “f ial unit. By intercimqing
mricue mnnections ketween a differential unit ard the two symhrc6 with
W&h it is associated, it is pcsaible to obtain several different
relationships &then the shaft pitions of tliethr- uni-. All the
cmnactions whitimay~ used ina ~ differential system are shwn
on Figure 87, with the oxr~niirq relationship ketween shaft pe.itions.
The unit typ2s ere not apecifisd in the illustration, since this varies
with the a@ication of the system. ~s dcee not affect the relationship
of the shaft pcsitions.

6.2.4 %hrs that affti~ of a toruue
The acczuacy of a synduo system is probably its mst inportan;

stem.

cimracteristic. me system accuracy is &&rmined by hw closely the
systan’s _ shaft apprcadvee the ~ition irdicatd by the system’s
irqmt or in@a. In such a system, perfe=t amuracy is never otiined.
~ess of hcw carefully receivers are constructed, electrical error ad
error due to friction an5 load, called receiver error, are always present.
A small, kut measurable, anmnt of torque is requird to overcvre this
friction; ard when a receiver rotor is in perfect alignmnt with the si~”l
applied b its stators, no torque is prducd. ‘l’hereceiv= lags slightly
before prcciucingermgh tmque to wer- brush and hearing friction, ad
this lag is present as an error in any tirque eystzm.

6.2.4.1 .%nmle tomue svstms. In a to~e system amsistiq of one
transmitter ard one receiver, twa important factore must te considered to
obtain maximum acmracy:

a. lhe friction on the shaft of the receiver must be reducsd to
an -lute Ininti . ‘lbsatisfy this rsqutienk3nt,the trilltearings used
on aynchro ~ivere are *1* with extrem -e d factory-lubricat.d
a~ to strict military -if ications. It is interesting to note
that friction on the shaft of a transmitter d= not affect the accdracy of
the system.itself, M only -eases thep.+5r r6squireito turn the
eq@am2nt to which it is g-ad. This dcee not man that transmitter
friction is -rtant, ~use the drag which a Syrx5uo system pla= on
~iated equipment is always a factor to be considered; ht the
r~- m~ the mchanical imlerances ad lubri=tion of a
transmitter are less severe.

b. The toraue oraclientof the receiver must Ee relatively hiah
with~g andl la
produces sufficient timu etoovertmne bth. ‘lbsatisfy the secord
rtimt, ~ the transmitter ad receiver nust be large enagh to meet
theneeds of thesyetem. lhe@u4ance of .eyrdro stator wirdi.rqs
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immases asthesize of the units~. Ifeither or bothwni&usd
inasyste maretcmsmll, the high”npedmce ofthasb3torwti
reduo2e theetetar canm2ntflWproducd ~asuall leg, erdthusredwes
the rs.u2iver’stnrque gradient.

6.2.4.2
S@x2m where ei~

a number of rsuel- Inatmrque
sewtal receivers, &e accuracy with

Wh.i* s3* ras2ivr3rfollcws the psithn-data signal applied b its stalxxa
is &temind by the folluAng factors:

a. lhe friction ti 1- on the shaft of that receivsr.

b. ‘lhe friction ard loads on the shafts of all the other
receivers. If ~ one of the receivers is 69cessively lcasdsd,or if it
~ janmd, the acuxacy of the whole system is affected.

c. ‘lheunit torque gradient of the transmitter es reletd to the
nwmb2r d size of the reivars it is driving. If ~ many ~ivars are
comectd to a prticmler transmitter, its _ voltages are rducai ard
en ~ive overall lag is pro2ucd in the _. This was previm.s.ly
dismssssl in section 4.

6.3 Control svnchro svstems. me ~tively -11 IMX3MUU‘ml
Ou@t of a torque syrdro system is suitable anly for vezy light leads;
ad even when it is not heavily lc.adei,a toque system is never entirely
acxan-ate. me receiver rotnr r6@.ree a slight anu.mt of torque to
overame its static friction, ad this tnrque - only be prducsd trya

~11 ~ ~ tie SYSti. -e system place a dreg on associati
eqqxrent, which affeds their accuracy. When larger anCull&of~an5
a higher degree of a~acy are rsquird es in the training uedmu “sm of a
heavy radar antenna, -e~~qivewaytocontd ~
~=~tiof~~. ~controland~
w.

provide

6.3.1 ne cuntrol tr~f~ ‘me distinguishing unit of any Syrchro
cnntrol system is the control tr~fcunv2r (CT) descrti in paragra@
3.1.1.7. Rsmmter that the Crisasynchro designd tosupply,fr anits
rotnrtennwn“ 1s, an AC wltage with nBgni~ - phase &par&nt on its
rutar psiticm ad on the signal applie5 to the three stator w-,. llx
behavior of the ~ in a system differs frcznthat of the synduu units
previmly amsidfa-ed in several “~ ~.

a. Since the rota widirq is ~ ameCted tothe Acsq@y,
it ~ m voltages in the stator roils. Aaaresult, the CI’statcx
currer& are &b2rmind anly by the voltegee applisd to the high ~
Windi.lags. The rotor itself is d ao that rotor ~ition has vary litth
effect on the etetor currents.
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b. ‘lhere is never any a~rO=iable cmmmt flcwimg in the rotor
buss its +t voltige is always awlied to a high im@aro2 load of
10,000 chm or more. lherefore, the rotor dces not turn b any particular
pcsition when vcltages are applied to the stators. me rotor shaft of a CT
is always turned by an ~1 force,”al-dprahlee vary- CL@ut VOlblges
frun its rotnr w-.

c. Like syrduotransnu utters, the CT requires no ixertia damper;
kut unlike either L“ansmitters or reeivers, rotor auplirq to S2 is
mininwm when the CT is at electrical zero (see Figure 88).

6.3.1.1 Relationship of the etator Voltaces in a CT to the resultant
maonetic field. When current flws in the stator circuit-sof a Cl’,a
resullxintmagnetic field is prcduced. ‘his r~l-t field H be ro~ted
by the signal frm a syrdro transmitt-eror synchro differential
transmitter in the same manner as the resultant stator field of tie ‘IDX
previously ~!L5idered. When the resultit field of the,CT stator is at
right amglee to the mgretic axis of the rotor, the voltage irduced in the
rotnr is zero. When the resultit field and the rotor’s magnetic axis are
aligned, the irducd rotor voltage is mximum. s- no Oppsil-q Voltagffi
are i.rducedin the stat-orof the LT, the effective strength of the
resultant field is ccmstant, regardl= of its pcsition. ‘lhestrengths of
the individual fields whi& make it up, h$wever, vary with the current in
the i.niividualstator roils ard, therefore, with the individual stator
Volt?.gffi. !Ihis~ that tie phase ad nugnitude of the stator voltages
determine the direction of the resultant magnetic field. Since the Cr’s
cutput is expressed in volts, it is mnvenient to consider its qerat ion in
term of sta+ar voltages, as well as in term of the pc6ition of the
resultant magnetic field. Hcwever, it should be reman&re5 that it is the
arqular pcsition of ~s fluct.uatirqmagnetic field with respect to the
rotnr axis that determnes the cmtpk of the CT.

6.3.1.2 Oceration of the cnntrol transformer with a Svnchro
utter.translnl Consider tie renditions existirq in tie system ehcxm on

Figure 88, where a ~ is cnruwctsxlfor operation witi a c2X(cnntrol
transmitter) and the rotors of koth units are positioned at O degrees. ‘he
relative _ cf the tiivitil statir voltages with r- to the Rl b
I&!voltage of the transmitter are N=txd by the 9rall arrcm+rs.The
resultant statnr field of the ~ is shwn in the sam mimer as for the
mx. With twth rotors in the scumspcsition, the ff etator field is at
right e.tqleeto the magnetic axis of the -r coil. Since no voltage is
i.miu@ in a coil tryan altermtiq mqnetic field Perpendicular to ita
axis, the -t wltage a~~ acrc6s the rotor t.ernumlsoftie C1’is
zero.

I
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6.3.1.2.1 E9nml eof CI’rotor to90d~ami CXmtorat
O defrress. Cm Figure 89, the CT’s rotor ~ition does not affect etator
Volbges or alrrente. ‘il’Isresultant etatxm field of the CI’mrains elign!zd
with S2. ll-ieaxisofthamtormilisrmx inalignmnt with thestatnr
field. ?4axinm vmltage, a-telY 55 wl~f is ~ irlthecoilerd
~a~tharotor terminals estheoutput of the cr.

6.3.1.2.2 _le of ~ at 9odCareeS a.miarotortUrnExl to 18Q
mees . On Figure 90, the eleclxi=l peitiorts of the ~ ad CT are 90

&ees apart, the C!I’stator field ad rotor axes are alignd, ad the CT’s
~ is nnximm again, W the direction of the rotor’s w- is w
revarsd with r- to the direction of the stator field. The @a6a of
the mtqa.k mltage is, therefore, qxisi~ to that of the CT in the
prscedirq exanple. This maria that the @ase of the Cl”s .m@ut voltage
inii~tes the dir-ion in which the Cl’rotor is displaced with respect to
the positi~ta sigml amlisd to its stators.

6.3.1.2.3 Variation of ~ outwt. It is evident that tha Cl”s _
can k varied ~ rotsti.tqeither its rutor or the psition+eta signal
applisd to its stators. Itcenalso beseenthet thenqnitude ark5@a6a
of the ca~t deperd on the relationship be- signal arxirotor rather
than on the actual p.sition of either. me gra~ on Figure 41 illustrate
the differ- in the ~ mt~t Men the CT rotor is first rotated thrmgh
360 degrees with the CX rotor at O degrees, and with the CX rotor at 90
dsqrees.

6.3.1.2.4 ~. ‘Ilw2iqmrtant Foints to rstrabar a.tctltthe
qeration of a Cl’are these:

a. khen the (T’s rotor is in the a.am el~ical ~ition es the
~itio~ta sigrd applisd tn its etator (that is, in the sane pcsition es
the resultant stator field), the electrial ou@t of the unit is at a
null.

b. When displace!rentwith resp?ct to eati other is less than
90 degre2s, any change in the angular relationship be- the rotor ad
the piti~ta signal prcduces a corr~~ cixu-gein tlw magnituk
of the m’s Outplt.

‘lhadirection of CT rotor displa~ with ~ to the
~iti=ta sigml is always indicated by the phase of the CT’s ~
voltage.

6.3.1.2.5 disolacsd 180 dwrees As ticatd on Figure 41, the
electrical cutpt of the CT is also zero * the ~ is displacd with
~ to tie !mitititi signal by 180 degrees. It is, therefore,
messary to identify the CT rotor pcsitia at M& O volts imlidx2s

a9resment with the signal. In the case of the simple CX-CT ~ination,
this isdoneby the phasesof thetwrotor voltages. Ifthe CXam3~

~ are in tie - Pition, tie a - ~lti9e is zero. _ ~
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)
rotor slightly cam@rcl-i.se fran the “O volt” pc6ition prcducee a
voltage fmn RI b R2’on the Cl’that is in phase with the voltige frcm Rl
to R20nthecx. In practical applicstione of the Cr, i- rotor is
~itioned far proper operation in a particular system ty one of the
zeroirg procdures -ibsd in section 10. Consideration of the aczvo
~ di~ in follcwing paragra@s of this section also ahcw that a
180+iegree diaplacenent of the CT rotor can usually be detected in the
tehavior of the system’s _.

6.3.2 ~rs “~~ . l?uee factnra which prcduce
errore in control sys&ns are (1) electri=l error, (2) errurs illkrent in
amtrol transforlmre, a.mi(3) errore mltimg frcm the use of targue ard
control unite in the same system.

6.3.2.1 E1-ial error. As defird in 4.13.5, the differexe kdcween
the actual @ysial pcsition ard the electrical psition of a ayndiro is
knwn as electrical error. Cn~ider a omtrol system c$maistirq Of a
amtrol transmitter d a control traruformr. Ifthe CXand CI’each have
an ekstri~l error of 12 minutes, the tmtsl pmsible electrical error is
24 minutes or nearly half of one degree. Addirq a control differential
transmitter having an electriail error for rotor W stator of 10 minutes
-& to this systm, the total error incr~ tn a possible 44 minutes or
tit three-fourths of a degree. The effect of su~ an error deperde on tie
use of the piirtitiar system. In a gun training system, a one-half or
l-degree error bccznss nrxe proncuncd at increased dis~. The fact
that syrdro transmitters, differential trarernitters,- mntrol
transformers are driven does not make them free frmn el~ical errors.
Manufacturing irregularities in the wti~s h the mgretic structure are
inherent in all synd7rcs.

6.3.2.2 Errors of @ntrol transformers. In a simple CX-CT systsm, it
usually is assumed that the null ~ition for the ~ rotor always cccurs
when the axes of the CX ad CT rotors are at 90 deqreea displa~t;
hcwever, this is aeldmn true. -anexample, ifa CXard CT areso
~itioned that the CT cut@ is minimum ad then we CX rotor is turned
exactly 15 dqrees, the Cl’rotor usually must be turned sli@tly nvre or
less than 15 dqreee to again obtain a null r=dirq.

*mTE*

Anullorm -himum reading, rather than

a zero reading, has teen ~ifid.

The vultage _ of a CT never keccmes zero, txk gererally, at mrr=-
podence, falls aa lcw as 50-125 millivolts for 115-volt eyndros. Also,
the null voltige obtained varies as the CX rotor pceition is varied. It is
usual practice fmaskryo system tooperateti~a manner that the CT
-t is a null. It shcmld ke obvicus, therefore, that any variation in
the prsition at whi~ a null is obtained is refl~ as an error in the
atire system. Corrective measures also nmst be taken to ~te for
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phase shift ina~. ‘I?w2”mpe&nce of theayndulJwirdiIge Causes the
CT wltige b lead the CX suF@y vol~ge.

6.3.2.2.1 frun use of nailtiDle cl”s. Inae@em*uore
thanone amtrol&arw3foznu2r ia used, ifthedrive *one of* amtrol
transforlm2rais imperative, that Cl’nsIyill&dUa mxlrhtheayete?n
whiti~asthea@e ~ ita asrrect ad actual posititm
hmeaeea.

6.3.2.2.2 error ofcr Q,. Nhen Cxnltroltramforuers are rz&lti
at high ~, en ackiitionalerror nny ke ~. nli.e.iskllcwnas
@ error. ‘Ihenull v@&ge position of pmxti-fozuer no
longer ~ ktlenthe cl’robte5hsynckom transmit-, hat
cuan-swhen the ffrotor isat anangle toitscnrrect~
pc5ition. ‘llu2angle depmde UFCU7the @ of rotation, an5 wsually legs
behird that obtainsd tier static carditions. As the ~ of CT’s in a
eystemimr~, the~error isapttoircmase. Also, the sped
error for a given speed is csarparativelylarga for a smaller size
tra.rsmitter. Corsidar~ ~’s of the sam size errl-ti.q at the sam
apd, the sp?ed error is nnmally 1sss for 400-hartz units than for 60-
hertz Uni-. Corrective devices are used to Czm@n53ti for Sp2sd error.

6.3.2.3 mre men tcxuue ad amtrol units are used in thesame
SYS!2@ t’MYsYstems u55tuth-sw25d amtrolunits; homver, the use
of tnrque units in a cnntrol system ehcwld be avoided where accuracy is of
prim? i.mpr@lce.

6.3.2.3.1 J?ecx3ivererror In ackiitionto electri=l error, ’111’saml
‘IUR’Sare subject to receiver-error, the difference batwen the ~ition
asstndby the’IFlor’113Ren5the~ition transnu“tt.edby the TX, Whidl
often is as great as one deqrea. I@ceiver errur aff~ the electri=l
CaItFwtOf the transmitter so that tie electri~l sigml heading on the
~ lms dlffere frcunthe actual transmitter ~ition. lkceiver error,
also @lled ~ition error, is aused by brush ad bearirg friction ad the
actual receiver load. Anyircrease in friction or load ona’ITtorlIxl, or
adding nure ‘lR’sor ‘XUR’sto the eys@m, incr~ the resultant kus error.
SnAler receivers, sizes 11, 15 ad 16, ha~ auriIa la torque gradient
value that, as lubricant deteriora= with use eoxltearings &cans dirty,
the receiver error tieases. Receivers also are mbjsd to oscillations,
ad irregular or fxcessive oscillations are reflectd as an zditioraal hs
erlmr. khentoque tiamtroluniteere usedinthe~syetem,
excitation nust ke supplied by a torque transuuutter rather than a amtrol
transnl.itter.

6.4 Servo svstem Usim Aservo, sanJo_, ar
~ism (the three terms man the eenm thing) is an auixxratic
cuntrol device widely used in the Navy erd dietirqu.ishedky aewral ~ial
tiacteristice descrited here. Thereareu enydiffmt@$psof servo
v, ~ all of whi& use aymhroe. ‘Mis hadmk, hmever, is
prilrarllymncernd with those whiti do.
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6.4.1 Servo SV~ ~fi ccm_trOl
system in which omtrol synduos are u.sef?is & zlZ-”LT of
~ * a graater &gree of acxmracy than is ~ible with syrducs

Another *lly inportant tiact==ristic of the servo is iti
abili~ to a~ly this X autamtimlly, at the ~ tire, - ~ *
- rqulatd by the need at eati partimlar nrmnt. All the S@x2nl
rqm.res to perform the ~ific task for whi~ it is designed is an OZ-&Z_
defining tie dffiiredresult. When EUCh an order is received, the servu

_es We d~ir~ r=lt witi ~~h Coniitio=, de~ the
~~-t, ad amlle ~ a-rdi.ngly, autmk3tically CY3rrectingfor
any terdency ixward error which OCulrS.during ths ProCesS. To fumtion in
thie manner, a servo system rms.tnw2t five basic ~~ti:

a. It must k able to accept an @t order defining the desired
result ad translate this order into usable form.

b. It must feed trick,from its cutput, data co~ing the
existing corr3itionsOV= whi~ it ==ci= ~n~ol.

It nmst axt?pare this data with the desired result expressed by
the iqmtcomkr ard generate an error sigml proputiio~l to any differ-
whiti this axvfarieon Shm.

d. It nm.st,in r~nse to sud an error signal, issue the proper
correcting oxrierto &ange existi.rgmrditions to these requird.

e. It must adequately mrry out its cwn correcting order.

It follo.rsfran these requirements that any servo system is made up, at
least in ~, of Ce.r&in fundamental CmFonenti. In fumztioml term, the
mpments norn’ellyfcund in a servo system using synchros are identified
as a data i.rpt device, a data output device, an anplifier, a ~ _trol
device, a drive nmtir, ard a feedkack device.

6.4.2 Classification of servos bv use. A convenient Classifi=tion of
SSIWO SYS_ _ be mde in accmd&ce with their uses, of ~iti the two
-t umnmn are pition servo5 4 velcci~ servos. ‘Me pition senm is
USA to mntrol the pcsition of its load - is designed do that its out@
nwves the load to the ~ition imiimti by the @t. me velocity servo
isusdtm uoveite loadat aspeddetennind 17ythe@ut to the_.

6.4.2.1 Servo w stems which do not fit intn either ca~oq. For
_le, a third type of servo is - to mntrol the acceleration rather
than the velccity of its load. Spcial appli=tions of the different w
are used for -lculatirzg ~, the servo dciq a desired cxxqmtation
fm I@dlall“=1 or electri=l information ard deliverbg the answer in the
form of nEdanl‘cdl nution, an el~ical signal, or )22th.

6.4.2.2 I%6ition servo. A pcsition eervo is one in WhiCh the ixpt
order irdiates a pition in whid the load is to ke placed. Figure 91
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typical pmsition servo whid has wide
meload, inthiscase, is agun turret.

?he overall pqxaseof theeyetemis to train thegun~ti ofarsm2ix2
hard sank. The load is ~ically ~led thrwgh a gear train to the
rotor ofa~inswchansumzr that the turret’s ~ition is always
accurately represented ~ the pc6ition of the rotor. An order signal
~ing the desired paeition of the lead is fsd into the ~w
~itionhq the rotor of the CX. A ~ ~ititita sigral
i.nnn4iatilyappears across the Cl’etat5r. Wnen this signal diffm frun
the actual ~ition of the load, an AC error vml~e is devel~ a~
thecr rotor. ‘Me @se of the error voltage is depmkntontheangulm
direction in hhich the load nust te mnmd to agree with the order signal.

6.4.2.2.1 positionim the load. l%e .sn@ifisr retains this @ase
disttiion, ud feeds the amplified signal to the pwer amtrol device
Were it is aJnver&d into ~ with a plarity or @ase relationship
whiti drives the nutor in the direction ~ to br$q the load into
the desired ~ition. As the load nnves, mec+uinicalfesfihed ccqli.rg
turns the CT rotor twaxl agreement with the ~ition~te sigmd. As the
lad apprca&es the prc@r ~ition, therefore, lees arc!less ~ is
wPli~ tO the ~tir ~US@ of the de=reasbg error vultige develcpsd in
the ff. ‘he error vmltage rfzmhes ZeIV ad ~ is cut off frm the rfutor
Mv2n the el~ical ~ition of the ~ rotor agrees with the psitian+iata
sigra1 across the stator.

6.4.2.2.2 Oscillation. In an actual eye-, the nmm?ntum of the load
terds to ~ it past the desired psition, ad a new error voltage is
develo@ to drive it hck. If ur@wcksd, this action results in huntirq,
which is oscillation of the lead arrxrd the desirsd pcsition. In met
sen’cs, en electronic wt’..mrktin as an anti-hunt system is us.ss5to
minimize this uxksirable eff*.

6.4.3 - svstan rati.rns. Sezvo systems are qualitatively ratd in
accordance with tie follcrdi.rgcharacteristics:

a. -tic err q. rne artgul~ lag tetween the i3pt a-d *t
urder static cxrtditions! A lo.+figure is desirable.

b. -tic error LU_K@ lcied. me arqular lag prcduti between
~e~ti~~t &i aPPIY@ a Specific torque to the w. A lW figure

c. Velccitv fiqure of n-exit. This figure is obtai.nd by dividing
the velocity of the output, .sxpresssdin d~ees per eeamd, by the angular
lag t@34een ca.tpk ad @ut, ~resed in degrees, when the system is
-ing i= load at a a-t ~. It indicates hw quickly the ey?stem
~~a Cnnstant i.npwt. A high figure is desirable.

d. ~irra CrJnetan’c. mis is related to the transient respnse
of a eerw. An ovs@aR@ eermmtor is sluggish ad usually respords to a
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ciurge wi~ weralmking. A slightly ~ eenmotnr usually
givaea@&~=tia~e withonlymderate~~
practically m oscillation. A greatly z~~ ~r will usually
overshcot bsdly erd oecillati for scsnetim after a change in psition is
and for. ma slightly umiemh@ case is the met dd.rable.

e. ~ 1 of merit. me ratio between a rnnstit
ac&leration of the syatm, ~ti ti ~ ~ ~~, ~ ~
argular lag b2tweem cutput - ir@t, ~in~. A high figure
i.rd.icatessystem ability to follcw an imreasing or ~m Wt
accurately ad rapidly.

7. MI12TARY SY?JCSmiClTYPES

7.1 “~ffi . It is csmmun practice to refer to -c6 by

their official designation; nanely, 15CX6C, 18TRX4A, 26V-11’I’X4C,5K, d so
on. me rnnmrals d lettere of a designation identify a symhro by
cmrelation with its size W ftnwtion. ‘n.,uexietirq d&ignation axles will
be descri.kclherein for cnnvenien=e. These are the ‘~li~ ~ w
SY@UO” & the ~tFre—~ ~ SyrdlrO°.

7.1.1 ~ desi t“on cxde. This tie,
currently in use, has keen designd to fully identify a -O unit by
inspection of its rmr2rx21atie. Consider the three units (15CX6C, 18TRX4A,
26V-11TX4C) mantiond akcwe. The first &m digits of ~& unit’s
designation irdicate the diameter in ties ard tenths of irdrss, accordirq
to the folloding list:

0.01 to 0.10 = .1 0.51 to 0.60 = .6

0.11 to 0.20 = .2 0.61 to 0.70 = .7

0.21 to 0.30 = .3 0.71 to 0.80 = .8

0.31 to 0.40 = .4 0.81 to 0.90 = .9

0.41 tcl0.50 = .5 0.91 to 1.00 = 1

ltms, a eyrdro wlmae actual diameter is 1.437 fies wuld be designated
size 15.

7.1.1.1 Function of the svndu o. lhe letters of the designation
rela~ to the function of the unit. me first letter is either a “C” for a
cbntil ~, or “’l’”for a Ibrque @e. me eecord letter identifies the
follwi.ng -if ic fumtions:

D- differential T - transformer
R- tiiver x- transmitw

A thimi letter my te used; for example, “B” for a roHxdJle SSXOr or
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tearinpumtd Sdx2r. 6uchdevices aren3ttooccmnmn errlarenol~
considfxed ~ for ~ design.

7.I.I.2 ~. ‘IllsInDm2ralinlndiamy following the
letters designtes the cperetirq frqx2rcy Ofthedeviae. ‘metlmoxmrnll
X supplies used W the military et-e:

6- 60-hertz AC SU@Y
4- 4oo-hertz Ac supply

7.1.1.3 @if i~ticml. me ~ case letter follwing the ~ting
frsquerq is the ncd.ification designation. l?ierefore,the letter ‘@Ail
irdiates the Orighl or ba5ic issue of a etardad ~~. ~
first -if ication is irrli~td by the letter !’B1’,ard ~
-if i~tior!s shall be “C”, “D”, @ ao on, e%c$?ptWI, Wt, !1o!!eni ‘tQn
shall not ke Ussd.

7.1.1.4 SUmlEUy. ‘Ib rwim, a syndm3 classified as 15CX6C im3icetes
the secnd n?xiifi~tion to the original design of a 115-volt, 60—hertz

~ ~trol tr-t~ d tcdy diemtxx is ~ter than 1.4o
iIIC&lS,tiltnot gYeatGW than 1.50 i.r@les. Typ ~i~tion I~4A
irdi-k the original design of a 115-volt, 400-ti syndum tnrque
reeiver-transmitter having a tcdy diamter greater than 1.70 iJ@ES, Lut
not wa&r than 1.80 inches. A synduo having a ~ designation of
26V-11’IX4Ci.miicatesthe secord rcdification to the Origfil design of a
26-mlt, 400-hertz eyndiro -e transmitter wlnxe body diamter ~ w-
thn 1.00 i.ndl,lxltnot greater than 1.10 inches.

7.1.2 t ales” t“~e. -~
code identifies a synchm ~ size (’hble XXV) ad fuxtion (Table X%VI).
’31wnumral irdicates the size arbitrarily, whereas the etedard cede
discussed previously is dimct-reediq.

7.2 Ml”tam1 soscifications and@andar& forsvndroe.

7.2.1 ~. ~ ~ are designed, fa&icsi-
ard testsd aoxudirq to the general ~ifi~tion, MIL-S-20708, ~ try
themprtmm& of the Amly, NwyaniAirmru2. ~ f= the
fiividual syncluu typ2e are stated in Sfx33ificaticmsheets to the gem2ral
specifi=tion; for exanple, MIL-S-20708/l, ‘g~ Cmntrol lkarlsformr,
~ 11CT4E.”

7.2.1.1 Oesiqn of - wuiunm t. ‘lbaesure that theaetvices are
aware of theeyndu-o types presently cxmsiclfiredto~ therigorsofuee,

==710, “~, 60 ~ 400 Hert.z”,has ken prqarei. ‘II_@
etandad is revissd ~id.ically to inform designt4a of military @pent
ofthc6e~ alme.ntly ~ for ef2micx2use. ~ for w
equipmte are to h selected in aamdance with the latest issue of
M3L--71O. ‘l%bleXXVII lists ataxicd SyrldmS$dli&are alrrently
qualifisd for use at the date of the revision of this hamibok. nts 3ats5t
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revision of ea~ .~’s specification sheet shculd te used in raw design.
Figure 92 shws nine a&Ual units, arranged to shcw a ~iSOn in their
size. Table XXVIII lista MILrS-20708 syrdrcs *ich are not presently on
the @lifi65 Frcducta List, kut are apable of meetirg the requirements.

7.2.1.2 Fr~ ~. ~~~ Sytlchrm, sham on
Figure 93 ad listed in Table XXIX, have Men desigrnted as “OkOlete for
new design.” ms, they my be prcmred aa replacements for failed syrdros
in ~~t ~ently used by the services. Hu.?cwer,when such equipwenti
are be- reordered, the design shm.ld te udif ied to use equivalent
~ synduC6 wherever feasible.

8. H?JWWZE, ‘lC&S, AND t@WI’ING KElMX3S

8.1 General— . ‘lbfacilitate synchro nmunting ard at-thing gears or
dials to sryrduo shaf&, several it5m of hardware have teen developsd.
The different ncantirg methcds ad the manner in which items of hardware
are used are d~iixd here. Spcial twls deaigred for use with the
differant hardware items also are available. The mnintirg nvsthcds
d-ikd here are reconmn3 sd, tut ~ial requirements ray exist for
-if ic installations.

8.2 Hardware for stardard units.

8.2.1 Mountim Clarmlass.EzTbly. ‘me clanp aasmbly illustrated on
Figure 94 am.sists of a ~ptive =ew, lockwasher, m clamQ. mree clamp
assemblies, displa- frcnn-d other by 120 degress, may h used to mart
a -o or they my be @ in cmjunztion with the ada@22r assembly or
zeroing ring as descri.kd in 8.2.3 d 8.2.4.

8.2.2 .@anmino disc assembly. A clan@rg disc asserbly mnsist-s of a
clanpi.rqdisc (see Figure 95), four captive screws, ad four hxkwashers.
Asaerbliss are n’adefor use on !IH.A-20708 size 11, 15, 16, 18, ti 19
synchrcs. The fcmr screws fit intn thread~ holes on the front (shaft erd)
of the syrchro ad, as illustrated urder nmntirq methals, tie pressure of
the clanpixg disc against the panel or dassis hclds the syndro in place.

8.2.3 Adapter assemblies. An adapter assembly, Figure 96, mnsist.s of
an adapter plus fcur captive screws h l~ers. ~s assemblies my
& = on size 11, 15, 16, 18, W 19 ~. ‘l%efOU SC?331S.fitintO
the four tapped holes on the front (shaft erd) of tie syndrcs. When an
adapter assembly is used, the -O is semzxd to the chassis or panel by
-b three ~ting clamp ~lies.

8.2.4 ~ im rirq. Zeroing rings, Figure 97, are made to fit eight
size5 of d syn&rc6. ‘me zeroing ring is a flat epriq -l ring
havi.q one sector with 6 to 20 g- teeth. Adjacent to the geared sector
is a tnrque which fits into a slot in the syndro frame ard prevents the
rti fr~ -m arourd the synchro. When a zeroing ring is used, the
si~.~ed to the panel or dmssis by using three nmnting clamp
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8.2.5 ~ft nuts. Gears or dials are usually munted on the shaft of
aetx@ard synchro, erk3thee.h3ft nut, withthe driw3~desai&d in
8.2.6, is wsed tn hold them in plaa. The M sizes are illustre~ on
Figure 98. ‘lhesmallest size is mede for shafts with size f5-44 thread ad
the larger size for shafts with a 1/4 inch-28 thr~d.

8.2.6 prive washers VUv2nadialorgearismmnlxxl
shaft, it is essential &at there is no bdc.lash b2tw2en

ona~

dial or g-.
theshsftani the

Drive washers are epli.nsdto fit the shaft, ad are shapsd
so that when the shaft nut is tightend, the teeth will dig into the shaft.
‘km tipared drive dqe engage holes or slots in the dial or ~ &@
numt.ed. ‘lhemxinunn width of the drive dcg exced.s theholediereteror
slot width so that when the -f t nut is tightened, the drive @s are
forcd into the holes or slots. ‘llIecnnbi.nsdaction of the oversize &ive
dcqs ad the teeth di~irq into the shaft assures an enti-badchsh
nulnting. For 1- the shaft nut, tak are provided Witi ray ke tent
arcurxlthe nut. ‘l’hefcur sizes of drive wa5her amilahle are shwn an
Figure 99. ~ey are made for shaft extensions having 13, 15, 21, or 22
teeth. Drive washere are either black nidcel-plat.d brass or aluminum
alloy ard, nozmally, are provided with the ~.

8.3 ~ls for stardard wnchrcs.

8.3.1 Ai-uula.radiu.strrenttcols. kh2resym&c6e renmnWbythe use
of an adapter essembly, clanpi.ngdisc assembly, or zeroing ring, it is

-tile tO adjm th~ @ys.i=lly for el-ial zero by the use of either
straight or 90+egree pbiOn wr~, es ehcwn on Figures 100 erd 101.
‘llIsIXUE1 on whi& the syndtro is ntxntcd nust be provided with a hole
lcete5 so that when the pinion wrendI is ~ in the hole, the tith
on the wremh engage the teeth in the adapter assembly, clamping disc, or
zeroirq ring. hIhenthe clenpi.rqarrsrgemnt is 1~, it is pcssible tm
adjust the synchro a~ately for electrical zsro. use of the pinion
wrenches is illustrated tier rcunti.rgmsthcds.

8.3.2 Skcket wrench assembly. Socket wremh assemblies, illustrated
on Figure 102, are desigrA to hold the spli.nd shaft ky ~ of en
internally splinzrlsccket, ad to tigh122nthe shaft nwt with the - or
larger scdcet. Wrencks are available for 13-, 21-, ad 22-tcoth shafts.,
lxt mt for the 15-tooth sheft.

8.4 plethcdsfor Irralritim~ SvniMcs.

8.4.1 m Shaft end USirlq#4-40 Scrm. I?nereru angular adjusbrent
is requird, certein sizes of aynchrm may te rmxnted as illustrated on
Figure 103. Size 11, 15, 16, 18 SJKI19 ~ hSVS f- ~llY ~oE!5
tapped holes for #4-40 scre4e.. When nuuitirg, ecr~ are insar@d ~
thepanel ordwieai sarxiintot.hesynchrofram. ‘Ihedepth of the tapped
~ion on the frame is only aimut 0.125 inch, and it is mcesary to avoid
wing -SWS ktiitiare b 10j-g.
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8.4.2 Frm ternuna“ ltcarderd, usim a clanmim disc assembly. Where
no arqular adj~ is r6quir@, certain sizes of ey7@woa nay ke nramted

~ ~~ ~ CIW~ ~sc ~ly as illustrated on Fi~ 104. lhe
~is~ tithepsnelordisf ran theteznuna lboardel-d.
Clanping di~ are placed over the panel hole an that the captive screws
can be~inbthefwr holee ontheeynchro frame. Tigh_the=.s
Screhsfastern theeyduo tithe panel. tilethefw~ive~are
lccse, thesyndro mayke rotated thrcwgh 360deqree=. forprqer
pisitioni.ng.

8.4.3 ~ ahaft erd. Usfi an adati assembly. When asynchronmst
bilw?rtd intn the chassis frcrnthe shaft erri,it is grx3sibleto nkmnt a
~ w W* an ada~ assembly @ three nwntirrj clanp ~liee
(Figure 105). The adapter assembly is secured to the ~ fram, the
leads are attached to the sywhro, the synchro is insertd into the panel,
ard the adapter assembly is fastened in place by the three mounting clamp
assemblies. While the nmmting clamp assemblies are lccz=e,a pinion wrench
lmytek.erted in the hole provided in the dxissis arr3the adapter
assembly rmy ke rotated for angular adjustment.

8.4.4 From termlna~bardertl,ueirrl oter yan ada aesembl . Figure 106
ehcuehcuaeyrduois~ into the chassis frcznthe termi.ml bard
erd secured ~ an adapter assembly ad three nwntirq clanp assemblim.

8.4.5 &mn terminal toed Slxl,us”I.rrlthree mullti.m Clamo assemblies.
Another methd, whiti may ke ussd when amees is fran terminal toarderd
ad m amylar adjustment is rsquired, is illuetratd on Figure 107. The
~is~ into the hole provided in -l or chassis and secured
trythree clanp aseenblies spaced 120 degrees aprt.

8.4.6 m~ “ ltmrder-dlusim a zeroim r+. This is the only

mathcd wM* may ke used for all sta+ard synchro sizes. lhe zeroing ring

is first placed on the aynchra so that the tongue fit5 the frame ad the
rm CZuU$3th turned, as ah- on Figure 108. ‘Iheeynduo is ~
nto the panel or chassis frcnnthe terminal bxudeni, amiiseecured to
the panel or chassis by three -t@ clanp aeserbliee s@cd 120 degr-
am.

8.5 &~ e-stardard C5. Fre—stardard Synchms
w ~lisd in three ~ of housings to ~t xmunting in ~ of the
follculng ways.

8.5.1 -e. Figure 109 illustrates the flarge-nmuntd syrduo,
whicinis the uc6t cxzmmn pre-stardard type. ‘Ihermunti.rqhole is cut to
acxnumdate the flange an5 the syndum is then clamprl in place with screws
al-dwashers.

8.5.2 ~e. Figure 110 shows a type 5N syndro, one of the few
~ZZl~ types prccured by the Navy. Figure 111 is an W view of
this unit, shcwi.ngthe l~tion of nwnting holes.
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8.5.3 psaring. In a tearing~
be *M.

- _e~lykab
Figure 112 .ahm5 ore ~ible mm.ntmg

~ibletomxntthe~ard thaeyr@ua3 vertically or, by the ~
of~gears, torframt the unit sothatthe lxoetaft. ~lims ereat
right angles. ‘Ihearrangemnt shwnissimiler tothatuaed insize16ard
19 units.

8.6 @mtim aeare ad dials on svndroe.

8.6.1 ~ avmiuos. Figures 113 @ 114 illustrate a gear
~ona S@xlan3synchro. Figure 113abws thatthe~i.efi.rat
placed on the spli.nd ahaft, the drive washer is then p3.sm5 on the Shaft so
thatite tidrive dcqserqage the gear, ardtheehaft nut is@ on b+i.rti
the drive ~. Figure 114 shws a cutaway vi= of the acdcat ~
kei.rqUS@ to tighten the shaft nut. The Slotti pinion of the inrB2rWmendl
holds the shaft in position Wile the * aodcat ~ ia USA to tighixm
the shaft nut. Af&rthe shaft nutistighte.nsd ardthesccket~is
rexvved, thet.ab50n the drive waslw3rare b2nttolcdc the shaft rrutso that
it cannot wrk lease as the eynchro rutatee. Figure 115 ahwa the
r~ed methrd for nrmntiq adjustable dials on ~. Figure 116
sh~ the recnmnmd d ~ition~ of the drive weaher ad shaft nuts *
insure m.xinwm loading.

8.6.2 .Prs—stxwdad svrdrrs. ‘me shafts of ~~are
made so that a dial or gear may te attiched to a ahaft withcmt using
setscrws or pins thrcugh the shaft. Aapecial ~ieu.$edtiremuve,
install, or adjust dials or gears rmmntd in this way. Figure 117 shws tkud
dials d gears are mamted. Onareceiver, thenutiatightx2ned clcxmtn
hold the hub of the dial tightly tetween the slottd washer on top ard the
thrust basharon thetottan, k.hichrests onastepintheehaft. l’bedjust
the dial’s pcsition, when setting zero for @car@e, the nut is 1~, the
outer prtofthe wrerx?his held tokeqthe ahaftfrcznturn~, erd the
dial is turrsxi. Cn a transmitter or omtrol transf~, where the g-
mu.stdrive theehaft, apinn-ay teusedti keepthe ~anislotteil washer
turning together. .sktheslott. dwasher~ turnrthe gearieldced
to the shaft.

8.6.3 Uamtim dials on a dwbl e reiver. A ntethd of uwntirg dials
on a &able r~ivar is illustrate on Figure 118. The pmusdwe is es
follua5:

a. R5!uvethe retainirqring on the aJtershaft ertithenuterd
washer fran the inner shaft.

Pla~ the hub on the shaft es illustrate, fitting it into Ute
keyed ~t;ion of the ahaft.

c. Replace the retainirq ring on the ~ aheft to hold the hub
in place.
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d. Mcmnt the spider on the hub usirq the spider clanp ad three
#4-40 Imchine ~. Besurethat thescr- me not nmrethan O.25ti
in l-; othemiee they will protrwie thraqh the kck of the hub.

e. Mcunttkke dialhubon the inner shaft tiseuuetot heshaft
wing the washer @ hex nut.

f. wunt the outer dial on the spider usb three #’4-40~~ine
~ * 0.25 M in Len@h.

Mount the imer dial on ti, hub us~ the dial clanp ard three
#4-40 lm&ine Scr-.

9.1 me M for connections.

~ -O”kts are ~,

In Syatxms in which a great
it is ~ to have a closely defined set

of ~ cotiions if confusion is to be avoided. The follmirg
co~tiors are usually follcwed unless there is gad r~n for doirq
~ise.

● twrE*

Ml diagram are shaft-eni viws. In
practice, any letter nay be used in
place of these sham. “B” ficdtes
any sirgla-letter h.s, “BB” any -le-
letter tit ad so on.

9.2 EY2mu31eof an “increasim readiru”. An -le of an increasing
reading &d & a transmitter amected to the nedle on the -meter
of a car, as sho.+non Figure 119. It wmld a.erdat an increasing readirrg
when the mr went faster, ad a decreasing mcii.rq when it went slcs.o?r.

9.3 stimbrd wire desicmations. The five @res of a eycchro system
are nurkersd in s@3 a way that the shaft of a nonml receiver will turn
aunter-slcckwiee when an incm=isi.ngreading ia emt ow2r these wires,
provided it is wnnec&3 d~ly as sh- cm Figure 320. A direct
connecticm is obtaird by wnnectirg Rl to the sirgle-letter hs, R2 to the
doubleletter tit S1 to the lcw-numterd kms, S2 to the midile, @ S3 to
the high-~ed Lms.

9.4 TWo—sed systems. In a eynchro _ where similar information
is transmitted at several different ~, the mmtersd wires are mrkd
l,2ami3for thelcwest apeed, 4,5en56for the&higher sped,ti
so on (see Figure 121).
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9.5 Voltacles. Whenanincreesing readiq iem overt&
five wires of a ~ svetem. the valtaaee Mxeenth efi=wireeciuuue
as ehcxn an Figur~ 122. -

. .

9.6 S&r&cd transmutter w nnectione. ~ a transmittx!rto the
lXISesehcwn on Figure 123in a&~ifitisto&ansm “t en ~ing
reading when its shaft is ~ in the iniicatd ~ion.

9.7 m Ver =iam CXumect areceivertot.ka* as
shc?m an Figure 124 inlee&ta~ if i~ -t is to turn in the i.rdica~
dir~ian when it rfxeives an increasing rsadilq.

9.8 nnections for differential transmitters Fora
differential tren.s%tter, the stetor leads are ~ to”the txansnuutter
c-it ard the rotor leads are ~tothe~iverurcxmtrol
transfarmr, as ehc.wnon Figure 125. An ~irg -ding will *
transmittal wtiena constant stator inp& voltage is a@isd ad the shaft
is turnsd in the dirtiion irdicat~. If en i.mxeaei.rqread- is a@isd
te the etetor end the shaft is held staticmary, then en incrsas~ reading
will & transmitted.

9.9 aY~ iors for differential r~ivers . ~a
differential r~iver to the hssee es shcwn an Figure 126 in dad ~ if,
with mnstant voltages on one side, the shaft is to turn as idi~ted when
it receives an tieasi.rg reading frmu the other side.

9.10 OJnnsctions for control transfOrlmrs.

9.10.1 stetor 1sad cmmecti ems. ~ the etatar leads of a control
transfcumr tathehsasshcwn an Figure 127inearh~if thesheftie
to tum es irrliat.sdmen folloA.ng en tieasi.rq reading.

9.10.2 Wr 1sad w nnections. Connect therotnr leads ofaamtxml
transfarmr to the signal @t ternurn“ 1s of the selwo anplifier es sham
on Figure 128 in ea~ case if the shaft is to tum es irdimted when
follcwiq an increae~ reading.

9.11 umnectiom frevndaro =oacitora. Whemwer a differ-
ential or wntral transfarmr is”ueefi,mmnt a synchra capacilxr of the
=~=~m~ the symiuo es pOSSible. Figure 129 ahcwe the

9.12 far Sarvm SmDllfl-
.,

ns . Whenaeervosyet.em
k follwing en incr~~%d~, the signsl inpX woltage is in @ass
with the AC supply wltage, ad the wtput voltage is either pcsitive (for
a CC ou@t), in @ase with the st.qply(for a straight AC amplifier), or
lags the sqply by 90” (when there is a 90° shift in the anplifier). In
each case the voltage is measured at the single-letter t.enn.hl on the
~ Wlifier with resp2ct to the ~ dalble-letw tennua“1
(see Figure 130).
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cm ammrutator typ rotors with a dcuble-enied
shaft, rotation is okarvdwhen lcdcingattha
shaft erxl~ite the ~tor.

9.13.I shunt-field cc semomtor. $vmena shont-field IX ~r is
used,~themYtOraa~~ on Figure 131in *~-if the shaftis
to hum in the irdicated dir-ion when follcwing an increasing readirq.

9.13.2. SDlit-series-field ~. k31ena split-eeriss-field
is used, cmrw?d the nvtor as shc$.mon Figure 132 in =ch @se

if the ahaft is h - in the bii=t.d dire=tion when follmirrg an
increasing read.@.

9.13.3 l%m-field irdu&ion ~r. kihena two-field induction

nmtor is usei, one field keirq excited frcanthe line d one thrcugh the
servo anplifier, connect the nntor as aho.m on Figure 133 in each mse if
the shaft is to turn in the irdi=td direction _ follming an
hmms.iq r6d.irg.

9.14 lhe ~ .mnnectione that awlv to a tvoical eervomtor.
There are bm pxe.ible connections for -~ unit in a ~o system whiti
has a shaft. me one tn use is detemined by the direction in which that
ahaft turm when the _ is follc&q an incr=sing rmd~. me
irrliated Star&d cmnectiom in this section determine w-ions at
each point, as ahm.+non Figure 134.

10. ZEROING SYNm

10.1 me need for electrical zero. If syrdros are to work tqether
Prc@srly in a system, it is ~tial that they ke correctly connsctd ti
aligrd in r- tn each other, ad to the other devices with whiti they
are used. Cors.idera eyncho transmitter ad r-i- used in an echo-
rarqing sonar equipmmt b provide an indi-tion of acand projector
p26ition. Un3.sx=the projectnr, Micator, arrlayrdrc= are correctly
aligned in r- to each other, the qeratir cannot te sure the irdicated
projsctor ~ition is mrr-. The acme situation would exist in a gun
directnr train-M=t@ system M to ahcw the position of the director
so the .gursmight ke trained acm*ly.

10.1.1 Me&anical refar~ cotits. ~eial ~~ is ~ refer~
point for ali-t of all qrchro units. me medwmcdl ref~ pn.nt
for the units ~tmthesynrhrffi dependa -~e-i~ar
a~li=tion of the eyndiu system. wkna~sya@mis~~ r-t
ship’a ccurae data, the referenm point -ld ke true north. For radar or
sonar equipent, the reference @nt cculd ke the ship’s tow or zero
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dprees. In a range or azinmth dab tramd=sion sysbem, a ap2cific
~a~leddk~ z—af~
m, the eledri~l ~

pint. Iillatzwerthetypeof
m9dlanical refarerue Foi.ntx5nust be elig7w2d.

10.1.2 Alionlrentof electriml and lmldmnic.elCC?*. ‘IIEreSrem
ways in th.ichthis alignment mn te acxxmpl~. ‘3?s2urst diffi~t way
istohavetm~le, ona atthetransmitter erdom atthereneiveror
mntrol transfcmrer, edjust the eynchm3 while talking ~ tile@om2s or
other ccmnuni~tion &via. The tetbsr way is to align all the ~ to
electrical zero. units nay te zercd i.rdividually- only me ~ is
rqti to do the kmrk. ~ e&mtaga of usirq el~ical zexo is
that ~leinthe syetemalwaye elnxsupi.ntha==y. Ftuexanple,
inaproparly zermd TX~_, aehortcircuit fMn S2to S3 =uses all
receiver dials to stop at 60 or 240 ~.

10.1.3 Slmmzl!. Zeroing a5yn&ro meart5edjustin3 ituecham “allly So
that it will work ~ly in a system in hich all other aymhrue are
z12rCC15. lhis medwti=l adj~t is normally a~lti ~ ~i~llY
turning the~rotoror-tor. Section8ti~ atarrkd munti.rlg
hardware ad gives sinple methrds.for physically edjusti.rgayrduoe ti
electri=l zero.

10.2 Electrical zero ccmditio~. For any given rotor position, there
is a definite set of statnr voltages. OS such rotor-position, ~tor-
voltage mrdit ion mn be establiehsd es an arbitrary referenm point for
all ey@uoe wM* are electrimlly identical. specific definiticms for
electri=l zero are given telm.

10.2.1 -~ -‘t ardreceivere. Asynduotran5nu utter, CX or TX,
ia zerced if electrial zero voltage5 fxiet when the device wlnxe position
the CXor TXtransmits is set tomerharu‘Cal refcm21m2 ~ition. A aymko
reiver, or lR, is zercezlif, when electxi=l zeru voltages exist, the
device actuatd by the reaiver aSSUIES i- mcharu“cdl referenm peition.
In a r-iver or other unit havi.q a robtile eta-, the zero position is
the cam, with the added provision that the unit to hich the etator is
g-cd is set to its referero2 position. In the elsctri=l zero position,
theaxes of therotormil ed the S2milere atzerodisp2aom2nt ard the
voltage ~d ktweell ternuln“ 1s S1 @ S3 will ke minimnn. ‘me Volbgee
frcznS2 b S1 ard fmn S2 to S3 are in @ass with t& excitation vol~ge
frrznRl b IQ. ‘Iheactual terminal vokqee alux.ldh as follm:

lls-volt Syrchrm 26-volt synduc6

Rlti R2-115 volts R2to R6-26vmlte
S2 m S1 - 78 vmlts S2 to S1 - 10.2 volts
S2 to S3 - 78 volts S2 to S3 - 10.2 volts
sltos3- 0 volts sltos3- Ovolts
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10.2.2 Differentials. A differential is zerced if the unit H te

intn a - witimt intzaiucirg a change in the aysi22m. In the
electrical zero ~ition, the axes of coils R2 arrlS2 are at zero
displaceakmt. l&rminal voltages are as follws:

115-volt SynChms 26-volt sy?nhms

RltoR3- 0 volts Iu tom- Ovolts
sltos3- 0 volts sltos3- Omits
R3 tow- 78 volts R3 to R2 - 10.2 volts
S3 b S2 - 78 volts S3toS2- 10.2 volts
R2tolu - 78volk w to m - 10.2 volts
S2 to S1 - 78 volts S2 to 51 - 10.2 VO1*

10.2.3 Control transfonmrs. A syrdro mntrol transform is zercexl
if its rotor Wltage is m.ininnnnwhen electri=l zero voltages are applied
to its stator, h turning the CT’s shaft slightly wunterclcx+wise
praiuces a voltage between Rl ard P.2which is in @ase with the voltage
between P.1@ P.Zof the CX or ‘IXsupplying excitation to the CT stator.
Electrial zero Voltagw, for the stator only, are the sam as for
transmitters ard receivers.

10.3 2er0im D~=. The pr~e _ fOr zerO~ dew upn
the facilities ard tmls available ard hw the synchrffiare cnnnectd in
the System. ‘l’heprmedur= desdkd in the follwing paragraphs shcw hcw
~~ nmy k ?.ercedby use of only a volbneter, syrdro testers, or
other.synchrffiin the system. kihenzeroi.rqdifferentials and cmtrol
transfoxmrs, it is helpful to have a scurce of 78 volts for 115-volt units
or 10.2 volts for 26-volt units. Figure 135 is a sdmmtic diagram of an
autotransforner. This device is a sirqle-wimiirq variable-tappxi
inductance. Many synchro systems have provisions for st.m@ or lccking
units in their electrical zero pition if the gyro ccmpass fails. An
autotransformer, or any other transfonmr ussd for this prpse, would & a
gccd Scuro2 of the required 78 volts. Regardless of the =thd used, there
are ttm major step in each zeroing procsdure--first, the Oxrse or
a~~ sett%; ~~, tie fins sett-. - ~i~ are ~k~ ~
such amanner that theanree setti.mqm3y be a~roximated @ysi-lly. On
stadardunits, an~is ~onthefrarearda line isna.rkedon
the shaft extension, as shcwn on Figure 136. Stan&Ud sp@lrcs mounted by
a clampirq disc ~ly, adapter asse3nbly,or zeroing ring may ~ rotita5
by use of a straight or 90+egree pinion wr~ as descriked in -ion 8.

I
10.3.1 WOi.m a transmitter (CX or TX) usirraa volbneter. The mst

aomrate results u be obtained by using an electronic or precision
voltmeter havi.rqo- tn 250-volt and o- to 5-volt ranges. On the O- to
5-volt ramge, the inter shculd te able tn measure voltages as lcw as
0.1 volt. ~ as follcws:
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a. S&the unit, wlmse~itionthe a(or’rxtransuu “ts,
aaarately in its zero or reference pition.

b. Remove all other ~itms frzznthe transmit@r ‘s titi
leade, set the voltiter to i~ O- tn 250-volt scale, d aun72ct esahJll
on Figure 137(A).

c. ‘mrnthe rotor oretam until the Im3@rmads akmt37 volti,
or 15 wits for 26-vult units. ‘lhisis the a~~ z- Setm.

d. ~ ueter as shxn on Figure 137(B).

e. Adjust roimr or swxir for null, mininnnn,reading.

10.3.2 &roim a toruue trarmnlutter usi.m a receiver or avmhro
tester. mis n-ethcdis po&2ntially less accurate than thee previmsly
=M, Wuseitisbassd ontheassunption thattha’othar synchro
Usedisa-ate, which myormaynot betrua. SyIxhro’B2ster, r.lK2A21
W& (de5critsd in the next section) is @ sufficiently aazirate to b
relied on WithOUt question, ad is for use on 115-vDlt, 60-hertz syrdrcs
only. A r-ivar ehculd als te chedsd to b sure it is at electrical
zero khan its dial reads zero or the reference value.

Qmnect the rsceiver or sydu-o tester to the transmitter as
shrwn on %gure 138.

b. Set the unit, whcse ~ition the TX transnu‘ts, a~tely in
its zero or reference position. ‘I&n the transmitter until the miver or
_ tester dial reads O dwees; the transmitter is w at the
a-~te ZerO s.ett~.

c. Mam2n-ily short S1 to s3. Ifthareceiver orsyrduot ester
dial roves when S1 is shorted to S3, the transnuutter is not zerced; shift
it slightly Sm5 ~ again. hllenthe TX is ac$xrately zercsd, clanp it ad
remnnect for marn-eluse, If the r~iver dial does not red zero or the
referance velue, it is mcessaq to z- the =iver.

10.3.3 @roim a toruu recelw (m) free ImtO?
ixuque receiver with a freeerotort ~ ~ follwe: “

lth a ‘ibzeroa

b. Set wltmt.er on O- to 250-volt scale erd conne& Ssabdllon
Figure 139(A).

C. _rarily ~
dotted line on Figure 139(A).

j_ bem Slc@s3 sa shown by
RDtorwill turn to Oar180dqrees. If

inter reads akxmt 37 volts (15 volts for 26-vmlt eynduts), ~ is at
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od~; proceed tostepd. If inter reads abcmt 190 velts (38 volts for
26-Volt unks), rotor is at 180 degrees. With ]- di~ ketwam
Slarr3S3, turnrotor toa ~te ZSM sett-. ~~ j-; MW
~ shtid go tn O deqr~. If meter raads 37 volts (15 volts for
26-volt sy?drcs) , ~ to step d.

d. Connect retx?ras ehcwn on Figure 139(B).

e. Adjust rotor or Statir for mininum voltmter readirg.

10.3.4 jzero” to~ rrmtfree to turn. Whena
torque rs=eiver rotor is mt free to turn, it is mcessag tozeroit ina
namer similar b that used for transmitter. A chedc on receiver zeroing
may be made as follcws:

a. Set tie transmitter to tie electrial zero position ad
connect a temporary jumper frm S1 to S3 as on Fi~e 138. If the
receiver’s shaft moves nmre than a fraction of a degree when the jumfer is
aJ~, the transmitter is.not set on O degrees ard should be rechcksd.

b. If the receiver shaft doss not turn, unclamp syndro ad
rotate it until the receiver dial reads zero. ~nnectirq ard diswnmcting
the jumper several times so that the dial nuves slightly may help to set
the dial nnre accurately.

c. Clarq2the receiv~ in position *= ftiished h rewve the

j-.

10.3.5 Zero” a~ electrical lock. If lead
mnnectiona may be aasily renmved, remove all stator connections h
reco~ as shwn on Figure 140. l%e shaft will turn definitely to
O dqres . .%t the dial at its zero or reference pition while the
r~ivsr is connectd this way. If a acmr- of 78 volts (10.2 volts for
26-volt uniti) is rxzkavailable, 115 volts (15 volts for 26-volt units) my
kecorulcd24 to RlaJIi R2.

10.3.6 ~0’ w a differential transmitter usina a volbneter. A
differential volbmter nny ba -t accurately zeroed by usirq an AC
voltmeter havirg 0- to 250-volt and 0- to 5-volt rangee. The prcesciureis
as fOllws :

a. Set the unit, whose psition the CDX or ~X tramsmits,
accurately in its zero or reference ~ition.

)

I
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b. F@nuve all other connections frun the differential leads, set
the volbm2ter on its O- to 250-volt scale, ard connect Ssetzxalon
Figure 141(A).

c. Unclamp the differential ti tuzn it until the ~ reads
Mi.ninnml. me differential is ncw on ~= el~iml zero.
S@conwd es shcm on Figure 141(B).

d. Setthevoltnn2ter onthe 0-to 5-volt s.cale,axi Wrn the
differential transmitter until a null read~ is obtai.nd. Clanp the
differential in this psition ad ~ all 1- for mzml cperation.

10.3.7 2eroinu a tazuue diffe.rential transnuutter usirn a reu2iwr ad
toroue transnlitter. metrarmittiard receiverused nnybspartofthe
system in which the differential is used ar separati units ~ as the
~ -=, W. 2 All m.

~ to see if the differential h to be zerosd. First
mke sureathe transmitter ard reix2iverare correctly Zerced ad the
transmitter is held cm O dsgrees during adjustment. Cmnnectasshcwnon
Figure 142. If the receiver sbeft moves when j- A iS cnnwctd fran S1
to S3, thetransmitter is not on Odsgrees ardnmsttereche&sd.

b. Set the unit, Li-oseposition the ‘IDXtransnu‘ts, accurately in
the zero or reference pseition. tilm the differential ad turn it until
the receiver dial reads O degrees. ‘me differential is w approximately
on electrical zero.

c. Connect junpar B as ahmm on Figure 142, nKzIv2ntarilyketween
reo2iver termirals S1 ad S3, ti differential tennLM“ lsRldni R3. Iftha
receiver shaft rroveswhen junqxr B is anme&ed,
O dsqrees.

the differential is rat on
Rotate the differential slightly d try again. khen the

differential is zerced, clanp it in pcsition h remove the j~.

10.3.8 Zeroim a tomue differential reo2iver whce rotnr is free to
~. khana’IUR’s zutoris not free toturn,itie~ tilx?e one
of the methcxle.descrilxxlprevi~ly for a torque or @n&ol differential
tren5nitter; butktlentha rotor is fz-etom, the unitsmy lx3CorWc&d
es sham on Figure 143. The ~ b follfx then is giwn belw.

a. Discomect all other leads fran the differential.

b. Ommct as ehcwn on Figure 143(A). me rotnr will turn to
either 0or180degre2s when ajumper (shwnby the dotted line)is
amnectd. If the fneterreads alamt 28 volts (6 volts for 26-vnlt
~), the differential is on ~te electri=l zero; prcceed to
Step c. If the m?ter reads abcxrt156 volts (2o wits for 26-volt uniti),
the synchro is on 180 degrees; discnnned thejunpar, tuznthe=ti
180 degrees d remnned the junper for afproximte zero sett~.
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c. mange the connections to agree with those shcwn on
Figure ,143(B).

d. RO*te the -O until the meter reading is mininum.

10.3.9 Zelroiraa differential receiver us”m two zeroed transmitters.
When a differential receiver is installed ad ~t ~ easily
disco~, the follcwi.ngpr~e may be Usefi:

a. Besurebthtr arsrnittis are z-cd atK?set in their zero or
reference positions.

b. Connect tenprary jmp.rs as shcm on Figure 144.

c. With the j-s cnnnected, unclanp the differential ad
adjust so the dial on the lTIRreads zero or the reference value. After
zeroing, clamp the differential ad renmve jumpers. If the differential
r-iver nKIveswhen the junpers are connected, the trarsnitter on that side
is not set at O degraes and should be rechecked.

10.3.10 Zeroirc?a control transform usim en AC VOlbreter. Using a
voltmeter with a O- to 250-volt ard O- to 5-volt -le, omtrol
transfonners may b zercd as fOllo..7s:

Remve conmsctions frc+ncontrol transformer ad rewnnect as
shwn on &u_e 145(A).

b. Tmn rotor or stator to obtain minimum voltage reading.

c. P.sconnectmeter as shcwn on Figure 145(B) &i adjust rotor or
stator for minirmm reading.

d. Clamp tie mntrol transform in position @ reconnect all
leads for Iwrmbal use.

10.3.11 Usino 115 volts instead of 78 volts for zeroing. By
exercising proper caution, it is ~ible to ~orm the preced~ zeroing
prccedres using 115 volts tiere a source of 78 volts is not available.

If L15volti issppminstmd of 78 volts, ~
r9tleavet&~cmleC&d far~t&ln2
mm.dx5saritvi31 ~tamiazlybe
~Y ~.

)

For 26-volt units, 15 volts may te ueai instead of 10.2 volts. ‘Ihesame
caution regarding the 1- of tb ehculd still apply in order net to
clanagethe unit.
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10.4 ~.

10.4.1 Z’.eroi.mHethcds. ‘ll_tedescri.b?dzeroi.rq
~Wld-m==tipre—s~

mthcxis a~ly to all
Navy aynchms. ‘Ilbzsame general n&hcdi

my tY2applied ti similar units, such as the IC unite *M in
-ion 12. Connsctione shculd be ~ed when ~ to agree
electronically with the+% ahcun here, ti voltages .shmld te -4 when
~ to nk3txhthe characteristics of the unit that is zarc95.

10.4.2 CtI~ tefore zeroi.rq. *fore testing a m installation ad
&fore hunting trouble in an existing system, te certain all unite are
zeroed. Also, te sure the device’s mchaniml ~ition ~ to
electrical zero psition is * &fore tryimg b zero the ayr&m26. The
mchani-1 referen2e pcsition arre5prci@ to eledri~l zero varies frun
one system to another; therefore, it is suggested that the instruction
M ad other pertinent information be carefully r=d ~fore attcqkirq
to zero a prtimler syr&ro system.

11. !XNm TFTX3BLE5

11.1 @rrll “~. ~ Uni- rquire =eful hamili.mgat all tires.
NlLVF3?force a eynchro into plaa, NEY13?drill holes into its frame, NEVIZ?
U= pliers on the thr=dsd shaft, an5 mm use force to mt a 9- or
dial on the shaft.

11.2 Maint~. ‘1%’obasic rules shcxld te applid:

a. 3T3TWPSS, LHWEITAU NE.

V are ~t ~ to operate forever withcut repair or overhaul,
tmt hke other precision instmmmts, they rquire the ~e of a
specialist. Unless ycu are a trained, cm@22nt, eyndum technician, NINm
take a unit apert or try to lubricate it.

11.3.1 General. Shipboard aynchm ~1~ is limi&d to
dr&rmini.ng whether thetrmble isinthe syrdro, orintheeystm
cntmecticms. Ya.Im mke re~irs in the system cnnnectiom, WC if
smethirq is wrong with the unit, replaoe it. ~ally, there are ~
major mtegories of trmble ccmrrirqi n~systelm. mese are:
(1) thcsa likely to ccmr in new instillations, ami (2) thc5e likely to
ccxxr after the system has been in service awhile.

11.3.2 ~e~ installa:ions. In a nwly installed system, the trmble
-ly is the result of inprqer zeroing or wrorq amnections. Make
certain all units are zercd correctly; then check the wiring. Do not
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tzust the wlor ading of the wires; check them with an dmm=ti. A major
smrce of trable is ~ excitation. l?laentire system nnlstbe
energizerifranthesam@aseof theaams~ Source forprcper
operation.

11.3.3 Existim installations. h aystas whi~ have &en mrkirq,
them cxmnmn tremble ecvrces are:

a.

b.

c.

d.

Switches . . . .

Nearbf equi~

lkrmiral lxarde.

zeroing . . . . ..

ehor&’,Cper!s,groLude, corrosion, wroq
connections.

water or oil leaking into the syndro frmn
other devices. If this is the trouble,
correct it tefore install@ a new
-O.

lccee luqs, frayed wires, corrc6ion, ard
WrOng conmdio-~.

unite i.np~ly zeroed.

Wrong wrmctions and ~ zeroing in any systi are usually the result
of c&elese work or inad~te informt ion. co not rely on mmxy when
renuving or inetallirg units. Refer to the applicable instruction ixnk or
Star&rd plan. Tag Umnarkd lcmls or rake a record of the connections;
~ else my need the information.

11.3.4 Trcuble tiicatore. Mc5t syndro systems involve units which
are in widely separated lccations. If trcuble occurs in such a system, it
met be lccalizad as quitiy as possible. ‘Ibsave time, use overlcad
id.kdtors and blqm fuse indicators lmtd on a central control knard to
lccate a faulty unit.

11.3.4.1 Overlcad i.rdi=tors. lhe wrrent in the etator c-it of a
torque system gives a better indication of ~ “cdl loading than does the
aurant in the rotor cirmit. On Figure 146(A), the TR lad is suti that
ita rotor lags 30 degrees tehird the TX shaft. The rotor current, nornmlly
0.6 ~, b.s ~ only slightly. The stator a.rrent, hcx+ever,has
h- fran i- mrmal zero value tn 0.5 anp2re.

11.3.4.1.1 Overload irriicatorh TX-T’f?evatem. Figure 146(B) shcws an
overload tiatnr ~ in a si.npleTX-!II?system. ~use it is
pxsible, regardless of overload, for the stator o.rrent in any one l-d to
h zero, it is ~ to co- the cm!rlmd irdicstor to r.eaprd to
the currents in at leasttwu etator 1*. !lYmtransformra, =ch having a
p~~istwofafewa ofheavywiretia aemmhry mnsisting
ofnnnyturne of fine wire, aremnnededasahcxm. me voltage across
each ~ deperds on the cdrrent in the primery. me voltage frcanA
to B @eda on the S1 wrrent, the voltage frc6uB b C depeds on the S3
cdrrent, the voltage amlied to the lanp is detemi.nd by the difference in
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thesettm mrrente. medifference tetwellthemrrenta is&&minedby
the differems int.he’I% etxlTR~itions, mt ~theactual~iticm. By
holding themsinfta lxiturningthe Txehaft, tltegra@lehcunc?l
Figure 147 may be plotted. Inthisemnple, thslanp lights when the
differfmle tetwem rotnr pcsitions ~ st9ut18deqrees. ~~
transfarns2reare usually nraultd inthesere case, and provided with @T3
Sot.hay meybeused with different types ofsynchms.

11.3.4.2 Blimn m -1-*.
.,

Itisccmlnon pmticeto~ m,
CX, ardlTtuniis with fusesin their rotx2rctits. I.ntlteeventof
Severe uedlanl“=1 overlcad or shorted w-,-tibl= retard
open the Ciralit. hllenthis haq, the 0vT2rloadil’dicatmrmay not give
en imikkion of t.ruble. AS the name implies, a blcnm fuse i.rdicalmr
lights when a fuse blcwe M. ‘me foll~ing paragregh.sdescriba ecm
-les of blti fuse indicators.

Figure 148 shca..sa simple type of blcxm fuse im3icatcu: man
lamps Con2c&d in prallel with the fuses. Mum a fuse blcnrs,the voltege
acrcSs it lights the correspxdirg lamp. A “dxdvmtage to this
ar=9-t is tit, if tie leads to the lenP are arxi-lly shorki, the
synchro will & disabled.

b. Figure 149 shws another typQ of blcwn fuse irriicator: a
smll transform having twu idential priraries ad one ~
mnnodedasshcwn. Wh2nthef useserec losd,t heequal priirarycurrmts
~ equal ard oppsite vultagee in the ~. mese twu vol~es
cancel ad the lanp renains unlit. When either fuss blwe, nc current
flm in primary #2; ad the voltage i.rdmzd in prinaxy #1 ~ acres
the b.np, hid lights. An added advantage is that only one lanp is
required.

c. Gne trouble cmmun to all blcwn fuse iml.icatoreis illustrated
on Figure 150. rne ‘IRISrotor circuit has been @end ~ a blcxn fuse,
stator current fl~ because the mltages are no lcqer belancad, ard M
85-90 volts are iduca5 in the ‘Illrutor. With only 15-20 volts across the
- f=, ~ bl~ f= irdicatcr does not light. ~ titnr currents
-use the overl=d i.niicatorto light; thus, a blcwn fuse causes an
overlad idication. Iftheswi&h inthe TXrutorciruAt ie~,the
blmm fuse i.rdicatorlights ti s.hewsthe actual lccetion of the trmble.

11.3.5 Sorresvmtcms E@ th jr mobable cause. ‘Rlblesxxx through
)(XXVsunnmrize, for a sinple TXA system, scrm3sy@cmE ard their probable
Caw . Whenlsm ormrereceiwrsare ~toom2transm utter,
similar Symptms ~. Ifallthe rea?iversactup, the lxuhleis in the
trammlitter orthemeinh.ls. Ifthetrcuble~ in one receiver crdy,
M that unit ad it5 cunmctiorts. meergle3ehown donota@yto
= W- differentials, or ti emx3ns khcse uni= are hccmecuy

Akaye &eck the system Zerdrq &fore lcQkirg for other tralbles.
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11.3.5.1 Control SV- uroblems. In a wntrol sysbm, the.tile
may be slightly mre diffiwlt to isolate. ‘Iheexistence of trouble is
readily bii=ted when the system dces not properly respord ti the @ut
Olnier. For wntrol system, it is easiest to lccate troubles by - of the
Synchro l%ter, FR 2 All -, or by tieddng the operati.mgvoltages.

11.3.6 l’rcublefran other eauimmnt. b not connect other equipmsnt,
tich is not related to the eynchro system, to the Prm =citation Lus.
When Unrelatd squipre.ntis cnnnected to the prirm.ry-itation kus, the
syetemwill shmall-~of ashorted rotor when itis~ on.
-war, it will C3ESC goal when it is turned off. Cm FiWe 151, the
~rofthe TRis~ in Wallel with other equip2ntr ard troth~e
fed normally fmn the AC SUP@y thrcugh switi M. If this swim is
_ while switch SW is still clcsed, the equipm=nt rn~ acrc6s the
TR rotor acts as a partial short, musirq overheating of both units.

11.3.7 Uleckiru standard Voltaclffi. Agodway to fird the trouble in
an cperati.n3_ is to use knom operati.rgvoltagffias refer~ for
faulty cperation. SW the prop2r operation of a systi is irdi=ted by
the prsper variations in rotnr ard stator voltages, an AC voltmeter can ke
used m locate troubles. When an AC voltxreteris conm?cted ketweenanywo
stator leads, the vmltage shculd vary from O to 90 volts (O to 11.8 volts
for 26-volt SYS~) as the tr-tti rd.dtes. me z5r0 & ~h
voltage values shculd occur at tie follcw~ headings:

The rotor vultage should remain cm.stant at all tk, eitha 115 VOltS or
26 volts. In a s@em where the unite are clcse encugh to permit tie=kirg,
the vultage ketween the RI or R2 terminal of any unit energized by the
prinsuy AC ~arr3themrr~n5i.rgPl or R2termirnl of any-unit
energizti by the primary AC scure should 13sZero. Where the excitation
voltage of 115 volts or 26 volts is akove or kelcw the required value
*1 percent, the mxixnnn stator vol~ges will also be atwve or kdcw
mrmal .

11.3.8 Voltaqe kelame *e&. lb ~ed the voltige &alance of a
-e t-ransmitter, annex a gocd receiver whose shaft is free to turn,
as shown on Figure 152. If the cutqmt voltagffiare correctly kalanod, the
voltmeter will not vary nmre than a volt or so es the shaft of the TX or
‘lTIXis ~ through 360 dqrees. Any grmter variation indicates an
unkalarre, pibly due to a faulty synchro capacitor or leakage tetw-
two of the three wires.

)

I
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11.3.9
~~,fi33~O(F =F~
the time required to 1-’cs defective unite us- 115-volt, 60—hertz
ClllTentonly. lhe~testerm nsietsof a1511?X6A ~iw2ronwh.i&a
=lihratd dial is nrxntsd arximy be USA either es a ‘IR,Tx, or ~.

11.3.9.1 n
~~i~~”

tester uedeealf? ~usedesa TX, the
MI place of the + awspctd of being def~ive

orwnnect@ directly totie TX or’mxtocheckitsa+qxt. ‘nwalihratd
dial on the eyr@ro tester -ld follcw the rotation of the trensnuutter.
‘Ihesynchro testarmy also teuserl foraqui& ciw2&ofwhatheror tithe
transmitter is on an approximate electri~l zero.

11.3.9.2 The svnchrotester useziasatransru t.eT“t . When a transmitter
or differential transmitter in the system between tha transndtti ad cl’is
suspctd of heirq def~ive, the aynchro tester nay be us& to sinulate
the action of the transmitter. Used eaaamt.ml transmitter, the Synchro
tester drives ore of any 60-hertz ~ stxmhrd = pr—~
OJntrol transfonm!rs. ‘Mesynchro &steruayte~ aeatoque
transmitter for driVbg one 18TR6, 231R6, IF or lHF torque receiver.

11.3.9.3 other uses of the @s* . ‘Me eyIX&O tester will
help l-te defective unite, Lut shculd not te relied on withcmt question
for use in zaroi.mgunite. It is ~ible for the calibrated dial to slip
fmm i- prqer psition. Also, 5* the dial is graduated only every 10
dqrees, it is diffialt ta read small angles with acrxracy. ‘lhaeynchro
tester is often ussd in teeth rarge data trdssion systems. As an
qlej a me h rqe dah of 10,000 yards nny -use the eyn=ko
&sterto turntlmmgh 90deqrees, 180degrees, arsareothw definite
iu-qle. Ceperdirq upn the ingenuity of the user, the synduo tester should
prove to M a useful ad timsaving device.

11.3.9.4 for 400-hertz uni %. ~~m30ul
=, shm’n on Figures 155 axi 156, is a similar devi~ felxi~ted with a
15~4A syrdiro, for use in deckirq 400-hert7.syncims.

11.4 Oscillations and SDMUIIJ-UM tomu
. . .

Oscillations (rapid
ew~itq bade arxiforth) ad spinning are faetilyammun ~-~.
~mx k ~lly =Used by a def-ive Ma demper or shorted *tor

EYces.sivececillations my be due to these same truJW2S, kut the
switching cscillatiors descrited here are nonrel in ems systems.
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11.4.1 Switrhi.m oscillations. 2n~wilsTeona~ ‘tter
&ives several receivers, Swi- oscillations my CcnJr Wilsnsuddenly
ona receiver is switched into the system. A.llthe receivers in the system
c6cillate for a f= aeada, ard then the ceillations die cut. Figure
157(A) shows a transmitter wnnactd tn two receivers, with a third
receiver whiticzanbaswiti tithe-. ~tr-tter~~
tweconnedd ~iveraere set at90degreee. methird receiver isaet
at zero. Attha InStAnt the switch is throm (Figure 157(B)), a etrorq

_ is ~ontheehaft of1’P#3, _ it bmard90 degrees. At
the same tire, the currents prcducing this torque prcduce Vdtzlge C31arKJes
across the stator cnils of TR#l ad lT#2. ‘meseChange scausetherotora
of ’IR#’laIxllTV2toturn~ zero. Hcwfarthey turn d-upn the
size of the transau‘tterald thenumberof unitsin the system. when TP..#3
re3&es 90 ~, the wltigee balance ti its sbtor cdrrents are
~ tn zero. No torque acts on its ahaft, so it continues to rotate to
sane PitiOn beyti 90 degr~. This ~ls the other receivers slightly
at of position (see Figure 157(C)). When enou@ tnrcpe is tuilt up to
stop ‘iTt#3,it starts back tc%+ardaml passes 90 degrees a little SIH this
tim . This cperation continues for a few eemnis before the system ~i-
lizea. The receiver has to pass the correct pition before it can step.
It is often impractical to correct switchirg oscillations after the system
has been installd, Mt they can te minimized by the follming precautions:

a. IU3VEXtreplace a r-iver with a laqer receiver. Excessive
currenti cause Swiq ceillations. ‘IYEsmallest practical unit should
be usd in any syndiro r-iver installation.

b. IIEVE21@ tm much load on a receiver.

c. NEVm replace a transmitter with a smaller unit.

d. AUJID long runs of snnll-diameter wire in connectio=.

12. S~ DEVICES

12.1 Clarification. @ite often, other electrma gnetic data-transfer
devicxs are ~ly referred tn as synchcs. me devices m=nticmd in
this -ion are described solely to avoid su~ confusion. Nothing in this
section should be taken as a suggestion that the units descriked here be
usd in place of synduos.

12.2 Inter’or~k . me Eiqine Order ‘Ik216gra@,
steerirq %legra@h =er Irdimtor d similar pition-indicating
systems used on IEIValvessels are usually sinple synduo SYS-. Hwever,
nnnyehiPs use ICtramN ‘tters ard IC -ivers for the transfer of such
information. IC units oprate on the eam g-al principlx, tut encugh
diff~ exist to warrant a brief amparative di~ion.

I

I

12.2.1 Construction. Because of their construction, IC unite are
ametirmee =lk? reversed ayndu-os. ‘me primary widing, consisting of ti
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series~ coils, is nmnt.sd Fhyeicelly ml the Stzitor. m
sewdary, oonsistirq of ti Y—wmeded coils, is urxnb35
the rotor.

@lysically m
Figure 15S ehcwe this ~ Sdlen@ically.

12.2.2 ~ti~. IC unite qx2rste cm thz eam @.llciplss of
interactiq nngnetic fields as eytdroe, kut differ in dirsstim of shaft
rotation tieuamtof tnzquadkainable. ~sIIICtZ7ULSdtter SI@IC
rscei~ are ~ in parallel (Figure 259(A)), the shaft of - IC
receiver follcm the ~tion of tke IC &ansma“- ahaft. m Figure
159(B), the IC tra.Psuutter is repla~ by a eyd-iro transmitter. lW IC
rseiver &eftwtwrns ina di.recticm~it23to thatof theaynchm
transmitter. vol~ee Whiti cause amn@2rclcdwise rotation of a sydiro
shall ~use clockwise rotation of an IC unit shaft. An XC tiw can be
mnnec&d toan ICtcammittereo thatthe ehafb~tein~ite
directions (see Figure 159(C)). ‘lhereis oneewx3ption to this: the
internal mnnections of the &rrii.xtyp N unit, C?4L-440*1, are arrarqd so
thatwhen itiswsssiwitha~ Aor BICtrarsnu “tter, S1-S3 Uust be
crcsscd forthesamtition andcrxmsdA directly for ~i~ rotation.
‘Ihetnrque obtainable frun either an ICunitor~ie~ by
the mgrt+tiziq pcwer, ard the nngnetiziq ~ tiid can be applid is
limi~ by the alloakde temperature rise. Wnen the sblmr is ~ized,
as in IC units, the naqnetizi.ngpwer cen te ~ with a resultirg
larger torque. The reason for this is that the 1~ are dissipated in
the form of btemxaudthe~ ehellof the ICtransuautter ar recs2iver.
In symhrcs, this h-t loss is dissipated thraqh the rotor, the air gap,
arxithen theoutershell to the sumowd@ air.

12.2.2.1 pisedvantac!eof IC. ‘IIM!rein disadvantage of IC unite lies
in -file ti~a~ with erratic cp2ration at smell error cu-rats. me
==en~aremenfranthe rotor ersluust pssethrcx@slipriqs
ard hushes, which often keuzw dirty d offer a high res~ to these
small currents.

12.2.2.2 xc Characteristics. l!ablesXXXVI thrcqh .%XXVIIIlist the
nprtant characteristics of varicms IC units. 1% pqxses of On@arison,
equivalent synduc6 are also listed. ‘lhapriuary su@y for all unite
li.sbzdin the tables is 115 wits, 60 hertz.

12.2.3 -h IC units. ‘lbzaro en ICunit, a@ythe~l t.@ory
Wssd for Synchme. ‘Me pcsition _ rotnr coil #2 lines up with the
-tor ~ils is defined as electrical zero.

a. ‘lbzero an IC receiver:

(1) Mczmt the rseiver in i- nornsIl~ition ami &sccme&
all external leads.

(2) Ctlnact ss ahcwn on Figure 160. lhe shaft will turn b
the el~ical zero ~ition.
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•~~*

llorat.l=v ethe=iver~ ~
this manner anylortgertlxln ~,
aa it will overhmt.

(3) La6enthe ehaftccwpli.rqorthe cl~onthestdtirti
rotate either one until the iniimtxx @nts to the zero reading.

(4) Tighten in this pxition ard remnnact for no.rml use.

b. ‘lbZ5r0 an XC transmitter:

(1) Mount the transmitter in i= normal pbaition ami set
unit whc6a ~ition it transmits in the zero or refer- ~ition.

(2) If the transmitter shaft COU@ing a be Iccsened:

the

(a) Discmnect all external leads erd wruE& the
transmitter as sham on Figure 160.

(b) With the &aft held in the zero pc6ition, tighten
the shaft en@@ ad reconnect for noninl ~ation.

(3)

previmsly.

If the IC transmitter shaft cuuplisq G3nnot be lcu%.ned:

(a) Zero one receiv= in the system, as describ=d

(b) Adjust the ~ition of the transmitter’s stators, or
the linkage connect- its ehaft ta the a.escciatedequi~t, until the
zeroed receiver tiiates zero.

(c) Tighten the unit in this ~ition.

Zhe @ysical ref-- ~ition of an IC unit correspmiiq to el~ical
zero varies as iniiated here, depxihg on i- use. Instruction koks
ahculd still be referred tn since there may be w excepti= to these
rules.

r
FHiSICAL =ITICN

APPLIC%TICIW FOR
EI.EmTUCAL ZEIID

E2@3e Order ‘Iklegra@ Centiofstcpcmlier
wing Telegra@l zero
Rudder 1.n3icatnr zero
Prcfdler Revolution Telegram zero
Ur13ewater Iq zero
Wird Direction ard Intensity m
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12.2.4 ~C unit trcubles. nlatroubleshcoting tilesfm~ in
sedion 11 may be applied to IC uniti if ths follmiq ~ee are uncle:
substitute rotor for stator, stator for rutor, Rl for S1, R? for S2, S1 for
R3, S2 for R2, SJ’r3S3 for m.

a. Sam typicsl tiles of IC units are aunmwized here. If the

reivsr follais, ~ reads wrorq:

(1) we -in all uniti are arrectly Zti.

(2) aleck ~ “Onstote-inthsyars amx!ct.

(3) If the r=d~ is earetims Correct al’dsclletilm?e
180degrees cut, suspect en open inthere.ceivsror transmitter Statnr
chit.

(4) If the irdiatnr follo.Jscorrectly for CY2rtein
transmitter ~itiom, kut is sl~ d cscillatss in other psitions,
~~wti-rotorctiiti.

(5) If fuses are blcwn @ ths imli=tor reeds 90 degrees
off, suspect a shortd stator.

(6) If one receiver of a nmltiple system is damagd, the rest
will rsad wrong.

b. If the receivsr dces mt follcw ~ tha transmitter is
turnsd: .

(1) ‘lWn the r~iver by had b be sure it isn’t j.snmri;
othsr rsceivers in the scum?system will read wrong if it is.

(2) Cherk the AC su@y to -tnrs.

(3) 0u2ck for tw open rotor connections.

(4) There m3ybe ashort ba13usnti~lsads. Inthia
a, all irrli=tors in the system are held on m nultiple of 60 dqfrees.

c. If the receiver swings violently back ad f~ or spine,
althoqh scmetimss caused Ly suddsn duingss in peition or swi~
Op=ratio=, this my irx3i~te trouble:

(1) Step it by hand.

(2) If it foll~ CarreCtly ad reads cmrectly until it gatx5
a auMsn shcck ~iti starts it spinn.irgor cscillat~ again, the -
nxmnted on i- shaft is not qe.ratiq ~ly.
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(3) If it locks in at a certain ~ition ard holds there
regardles ofthatrarml tti position, two rotor leads era shorted
tcqether arcithe damper msyalsok knd.

(4) Ifitatwano~ti10ck inortofolla, b-tjuat
spins, all three rotor leads are prvkebly ~ ixrJ*.

12.2.5 Jc unit Rlaintemme. llllikeeynduoa, naceasy Ilainb2mma on
IC units mn be =- by qudificd shipboaxd ~CiSJE. Pator
~liea my be taken apart for rnin&mxx2 J provided extreme care is
eu2rcised. Di~ly instmcti- shculd be read af ully tefore
atte@i.m3 to disdseemble any unit. SXxm ~liea are -i@ in sparea
if needed. Where qualifiad personnel are mt available, M at- stmld
ti made to repair uniti.

12.2.5.1 Unit reoair. If trcuble devalcps in the rotor circuits,
renuve the mvar over the brushes, the mneplate on H&el unite, aml
_ the tmshes @ slip rings. If they are mrrcded or dirty, ramve
the tm-ushesard clean the Imk=h= and slip rings. use a elm, lint-free
cloth or chamis. In ~ of severe cmrcsion or pitting, very fins
-per my be ~. on tie slip rin9s.

12.2.5.1.1 Diaasaablim the unit. If it is ~ to rePlace the
rotor, or if the unit needs oiling, tic unit mat be taken a-. F.enmve
the brushes ard the screws which hold the unit tcgether; ~11 it apart
carefully artirenkne tie *r. ~ the hll bearings to b sure they
are in god coalition, @ replace them frcxnspares if ~. Before
installiq m -i.rrgs, clean off the thick wline used to prevent rust.
When replaciq a -irtg in tie front sni frams, do not disturb the shims.
Four ~ are usually needed, allcwiq an erd play of 0.01 to 0.015 ird.
If oil is needd on the bearing, a~ly one drop at the tcp of -* ball, or
les if the tails are oily. Use a high-grade light oil aa recmmrlied by
the manufacturer. Starde@ Oil of New Jersey, Univis No. 48, or watch oil
my te @ as a substitute. Clean the c6cillation damper thormghly,
~ing tie mm surfaces with a light film of vaseline, before
reaaembliq the unit.

12.2.6 x~ eabilitv of IC units ard lablea XxxVT
- XXXVIII irdicdte that Eu%i~ IC unite of any given type are
mterdwqeable for mat a~lications es crmplete unite, kmth nw35enically
ard electri=lly. This holds true regardless of nsmufacturer or data of
xmnufacture with the follwixg exceptions:

a. Herschel ard Bam5ix ~ N units are el-ically
h~edble, kut considerably different aa tn uuuntirq ~ion.s.

b. ‘&’peA ti ~ M unite ham - supplisd with troth0.3125-
inch diameter ard 0.25-M diameter shafts. When adapting the O.3125-irKi7
tyFE!unitsto~ ta formrly equi~ with 0.25-- units, the
follcw~ shcxld k noted:
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(1) If a 0.25-M diamt.er ehsft was M in Wnju?xtion
withaehaft ewtensionar caplirqwithathin~ ha, uakeam
extension or ~1~ b fit the 0.3125-ti d.hmter shaft.

(2) If a 0.25-imh di~ ehaft was WA in ~ ‘on with
gears, hubs, Clanping nuts, Shaft exb2nsicms, Ccuplilqs, poinixsa-huhs, or
thrw mllars tiving en adequate crc6e sestion, ream a 3arger hole to fit
the @er 0.3125-M ehaft. It is ~ ~ that the o.3225-inc+l
diameter shaft ke - dcwn to 0.25 inch.

sane eppli~tions of Hensdv21 15-001 units nzquire a 4-48
ecrew&theti of the ahaft. Herschel 15-021 unib lmve a 6-40
screw. ~is applies prticmlarly to the type A unit used in Pi~
Corporation type B shaft revolution

w
transmitters.

d. ~Aan5~Matside shell o~ wriation, es listed
inthetables, ismytseri~ tidoesnoteffect” mtemhsqsability for
nc5t a~li-tions.

e. Urder normal corxiitions,ayndroe ahculd never bs ussd to
replace IC units. Adequate spsree are normally provided for all IC units
installed on lvwal vessels. Hcwever, in en q-, IC unite my be
nterrbqd to the extent irdiatd in the table. ‘Ihefollairq mtes
will te helpful in emrgency replacement of IC units with axresprdbg

~:

(1) 14cuntingdi.me!naionsare essmtaa“llythe aem except for
Henschel typ? N unita.

(2) 5ae form of adapter nmst be usd in Practi=lly all
cases, es shaft diameters ad mt.hods of ahaft cmplirq differ
crmsiderably.

(3) Shaft rotetion is ~iti for IC units arrisyrdvx6. Ic
unite are electrically “mterdmgeable with ~ eyndrc6 provided
terminals Rl, R2, S1, S2, S3 of eyrdroe, respectively, are mnmcbxi _
~ls S1, S2, P3, IQ, Rl of XC units ware ~. ‘meprinslryi aon
the~tor of ICunitati on the rotor of~.

(5) All IC unita are squi~ with tarmum.“ 1 blccks, ht all
eyndrc6 are not. H@awsr,t hisdcesnoeffect” ~eability.

?4x-ecmplete “~iom amaming the detiils of synchro adaptation are
amtai.nsd in Eushi~ etamkd drawings, ataileble b interestd activities.
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12.3 ~tor ~ ‘tter Another device is the AC cxxmdator
transmit-, shown on Fig&~ “wtnse construction is similar tn a
tranefOrlrer. A sirglelayer eecomiary is ~ on the flat side of an iron
-. ‘Ilussbrushes, numtexi on a annmn shaft d spaced 120 degrees
apart,are-~~en “urunsulated circular @h in cont~
contact with the winiinge. AC excitation is applied tn the primry wtiirq
amltheo utptwmfrcm the three krushes. Camnrb3tnr transmitters,
while rut ~ively used, have ~in advantages over synchro
tramnittere, especially in the larger sizes. _ advantag- are: (1)
greati accuracy, d (2) a higher ccuplirq coefficient betw=en primary d
eecomky. For a higher dsgras of accuracy, it is mcessay that the pitch
Of the ~ wirdi.rgsh uniform ad the wire size ke sufficiently fine
to avnid graininess.

12.4 Stemim nmtor svstsm. The sync&cs ard similar devices thus far
dieaesed are @ with alternating cdrren&.. At times, remote indicating
- which -ate on direct current are required. Dne of these is the
e@ppmg nmtor system illustrated on Figure 162. Alttmgh many variations
are employed, the system sham is typical. The stepping nmtor system is
often u.sd to drive omps.s rep42ere on mval vessels atd merdxmt shi~
havimg lx per. The eystm opera- di.re=tlyfrom a CC supply ad
requires TO AC excitation.

12.4.1 -at ion. The principles of cpration of the stewing rotor
are~nrut itheeaxteaethcse discussed in section 1. Six electromagnets
are ua.u-td arctuxia saft iron armature ad axmectd as ehwn on
Figure 163. =ch psir of coils is hen@ ~ite to the adjacent pair. If
a CC voltage is a~lisci acre6e the mnnter 1 coils, the artrntureturns to
the pc6ition shcwm on Figure 164(A). S- the armature is soft iron,
either erd may turn up, deprrlirq upm the ~ition of the rotor ‘when
mltage is a~lied. If tie same voltage is also a@ied b the ntnrbr 2
cnils, the a.rmture turns to a pition midway ketween the nunb=r 1 ad
rnnrbar2 roils (Figure 164(B)). If the nunker 1 Coils are w
disconnected, tie armature turns until it lines up with the numkr 2 coils
(Figure 164(C)). Figure 164(D) ehc%rathe nunb?r 3 ails uJnnedd and the
armature rotati one step further. If this pr~ is mntinud, Figures
164(E) a+ 164(F), the armature a b rotated through 360 degrees.

12.4.1.1 ~ation bvrotarv switch. In achxil operation, the

~~ ImtOr is driven by a ~ Switi ehfx.?n ti Figure 165. AS tie
switi rotates, it applies voltage first to coil 1, than to 1 @ 2
toge~, then to coil 2, then to roils 2 ad 3 tcyether, then to cx3il3
ard so cm until the ccmplete rewlution is made. As a result, the armature
turns in 30-deqme ~ follcwing the rotation of the _ switch. The
-ti.rqarm of theewitchisg=d tothegyrocmpaes so that l+qee
rOtatiOn of the gym -uses the rotary am to rutate thrcaqh 360 degrees.
The steppi.rqnmtmr ie g-cd to its cxmpass cardsothatthemrd nuvee one
degree for each six steps of the nmtor. ~ere are * stepping imtor
~ ~ Use, the only difference be- the voltage supplied to the lmtor
coils. me older system operatee on 20 volts, the newer one on 70 wlte.
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~ical diagrams of these eyeters are .eJnmnon Figure

12.4.2 ~ters. A hard reset kncb is provided
rePezlters,aothatthe nutor Can bsblrmedbvllanatn

165.

oneb2@ngmY tar
Scfreewithtkl

reAin90ilthemsteram’Pss eaciltiln3tAe&x!rsu@$is ~.
lhereason forthisis that there aretwopaitions cmthe~wheps the
ernnture m lcdt in, giving an enmecue ~~the ~ ---

12.4.3 l,on ftiimmt. ortismchrorecei~ ‘IWre Sre
tireswhensym2hro~;versnmst beuses2a avessel whi&Las&pping
uotaraysteqa miinthesecaees, acmver&ra~. Fiqure 166(A)
ahcwsasinpl e~i.rqmtarti syndumawerter. A cwpl~ ~
thashafk of the~traluml “tteraIKis&@.rg17Ctnr. ‘me~
receives s&ppi.ng rotor transmission fmn the gyro ~m-
transmita synchro signals ti syetms rquiring cmpas25 informatifm. ‘Ihe
wir~ diagram of the cmwrter is ahcwn cm Figure 166(B).

12.4.4 @roira a stemim motor to ~~
X* rmtir to eyrdro ~,

lb zeroa
~ as folluds: “

a. Make mrtain all the asecciated eynchro rei~ are prcperly
Zercd .

b. I&me excitation frcm the ste~irq uutor.

c. Set the synchro tra~tter on ele2t.ri~l zero ard adjust the
attitied ale to read zero.

d. Settheshaft of thesteppirq mtorkyham5 eothattheecale
rsading agrees with the readirg of the master axqxiss, ard ~ the
stepping rotor to the system.

12.5 Wmltmlnd
. . .

icatq. Amtherdsvice opersti.ngonm currentie
the ~itiOn b@i&tDr eh~ on Figure 167. In wnetrwticm, the
transmitter is a pt.entiareter with 360 degrees of amtinuws rot2kion.
‘lW w- is tipfxd every 120 ~eee am3 the CC excitation is applied to
- bxushes sp3d 180 deqrees e@rt. If vol~es AB, BC, tud ~ are
plotted against the shaft srqle, a set of o.uves similar titi ofa
ayt@iro is obwined. ‘llwrecei~ is similarly - with the wisdnge
w w 120 degrees. Insartd within thereu2iver wirdiqs isa
cylirziri=l or s31ient pole permnmt
turn a ahaft.

magnattich ief=tirot ateand
Since alternating aurents arenotpreeent inthie system, a

mtionaxy wpp2r danping rirq or cup is usually nwn&5 inthe air gap
tetween the rotor .3rdp31e pieces.



MrL-HDER-225A

‘l!APLEI..SvnchrO functional classifi=tions.

lmKTIcNAL MILTTARY
CIASSIFI- ABEJUVI- INPur
CATICN ATIONS

m I@txu positioned ~- Electric31 cutput frcm
rranamitter ically or nanually ky staixm identifyirq rotor

ticmnation to be ~ition su@ied to torque
transmitted reo2iver, torque differ6m-

tial transmit~, or torque
differential receiv=.

lmtrol a Sane as!rx Electrical output same as
transmitter TX ht supplied only to

cnnt.roltransformer or
control differential
ImnS@tter

lbrque ‘IDX TX output a~lied to El~ic outp& frmn rotor
Differentia1 stator; rotor ~itiowd (representing~le equal
rrar!slnitter acsxrding to amount data to algebraic sum or differ-

frmn TX rust te tiified ence of rotor ~ition
angle * angular data
frcm TX) supplied to torque
receivers, another 7DX,
or a torque differential
receiver

Control Cnx Sdm2asmxhlt data Same as ‘lDXLut swpplied
Differentia1 usually supplied by CX only to control transform
Transmitter or another CDX

ltmque m Electrical angular pi - ~tor a.ssums pition
Reeiver tion data frrm TX or ~ X determind by electrical

supplied to titer inpt supplied

we TDR Electrical data au@i edl+otmr~ pition
Differentia1 frclntwo mx’s, twu TX’s equal to algebraic sun or
-iver orone TXam20ne TDX differeme of &u cqular

(On.ecnnnectedto rotor *-
alxloneto stator)

amtrol Cl’ Electriml data frcun El_ial &tPut frmn
TransfOrlrer CX or C2)Xapplied to rotor (proportionalto sine

Staimr. Rotor lxsi- of the difference between
tioned mednni=lly or rotnr arqular position ad
manually electri=l inpt arqle)

Torque ‘IRx Depexli.ngon applim- Ceperdirq on a~liation,
Receiver tion, .5am as TX eanu2ae TXor TR

)

)
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M33AiDfn(-225A

lL4BLEII.

K1 0
2 0
3 0
4 0
5 0
2 1

MAFo(

14
15
16
18
19

24
25
26
27
28

lC, m 12
2C, m 13
3C, MK 1
9C, MK3
15C, MI(4
4C, m 14

2
2
2
2
2
2

K?D I cAPAcrn3R TYPE

o
0
0
0
0

0
0
0
0
0

9C, MK 3
3C, MK 1
3C, MK 1
3C, MI(1
3C, m 1
9C, MI(3
3C, MI(1
9C, MI(3
9C, F!x3
9C, Mx 3
3C, M 1
9C, MK 3

4
1
2
3
1
1
2
3
2
4
1
1
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TYPE

lC

2C

3C

4C

9C

15C

M3L+U3BK-225A

lABI..EIV. Charar2teristic5of ~ svnchro -rncitors.

MARK

12

13

1

14

3

4

FUR USE WITH

lCT KID 3A
lCI’MX32
lcl’mK5m.
mm3sn3.
5HC3’MK6SII)
5cl’MKlm4
5C3’MK4MDD4

5CTMKl I@D3

5D, 5ffi

KGmlml
lcrm3

6CG

71YS

TwrAL
CAP.

1.8

4.2

30.0

9.0

90.0

150.0

m. PER
LEG

.6

1.4

10.0

3.0

30.0

50.0

4PAC?.TY

.9

2.1

15.0

4.5

45.0

75.0

JRRE?r At4Ps
5ee above)

.035

.082

.59

.176

1.?6

2.94

—

m’.
w
—

1

2

6

16

25
—

[

TYPE

3CE

9CS

15CE

3CC

9CX

2.25CX

6C

MARK

5

6

7

8

9

10

11

2

SUPERSEDH3
BY TYPE

3C

6C

9C

15C

—

—

—

—,

To-mL
CAP.

30

60

90

150

—

90

-.

60

CAP. PER
m

10

20

30

50

30

—

20

CAPACITY
BEIWEliN

15

30

45

75

—

45

—

30

m’.
I.as

7

14

21

33

—

19

6.25

11

‘1
t“

I

I

84



M2L-HD8J(-225A

TABLE V. LiInitk 10ad5 f= FIKIA.-20708 ~
in 400-hertz lbrcfue A (Fiaure 591.

~NIFIBER OF Tl?(OR’llW) UNITS

lElR4B or 23~4B or 31’IT?4D
lRANSflTTDl 181RX4A a 23’ll?X4A ar 31’IYZX4A

lBlRX4A 2 ~

2311?X4A 5 2 ~

31’TRX4A 13 5 2

37’lTC44A 18 7 3

78V-18’IK)X4C 1 ~

78V-23’IDX4C 3 1 ~
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MIL-HDBX-225A

TABLE VI. Limit”~
in 400-h-z lt%wue ~ B (Ficfure 591.

T3

2:

2:

2:

3

3

3

3

3

3

3

3

3

~

i

i

DI~ 3JMITDG NIMB~ OF ll?’S OR =’S
PER ‘mX (II@@

18’IR4B or 23T314B or 31’IR4D

3?AN~ (I@ TYPE 18!3TOMA 231RX4A 31T31X4A

3!fIUMA lto2 18’IDX4C 1 ~

311Ci4A 1 23’313X4C 2 ~ ~

3’3RX4A 2 23~X4C 1 ~ ~

IllTWA lto5 18’n3x4c 1 ~ ~

I1’TRX4A 1 23~X4C 3 1, ~

11!IRX4A 2 23T33X4C 2 1 ~

11TRX4A 3 23!3DX4C 2 ~ ~

11TRX4A 4t06 2311JX4C 1 ~ ~

37TRX4A lto7 18’n)x4c 1 ~ ~

37TRX4A lto2 23’3DX4C 3 1 ~

37TRX4A 3 23’3DX4C ,2 1 ~

37TRX4A 4t05 23’3DX4C 2 ~ ~

37T3?X4A 6t08 23’IDX4C 1 ~ ~

78V-23’IDX4C 1 18’I13X4C 1 ~ ~

78V-23113X4C 1 23’IDX4C 2 ~ ~

)

I

)

1
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lmcHDBx-225A

TABLE VII. J..imitim 1cads for PfU.A-20708 svmiuos
jn 4oo-llertz!mrmle Fiaure 59}.

EEL
TT
RR
4x

lRANS- B 4
A

23’XlU4A ~

23117X4A

23’IRX4A

231RX4A
23TRX4A

31’lY?X4A
31’IRX4A

31’ll?X4A
3111?X4A

31~4A
311RX4A

3111?X4A
31’3RX4A

31’II?X4A
311WX4A

3 l~4A

311RX4A

3111?X4A

3111W4A

31TTW4A
31’I17X4A

3711W4A

3?’lRX4A

1

1

1

2
5

1
5

4

3

2

1

TT
RR
4x
C4

A

880r330rll
TTTT
RRRR

pAurrrY 4x 4x

(W) = BA4 BA4

TT
RR
4x
D4
A

lto2 12n3x4c

1 23’I13X4C
1 23’H3X4C

2 23~4C
2 23TDX4C

ltos lsn3x4c
1 1STDX4C

1 23TT3X4C
1 23113X4C
1 23113X4C
1 23’lTlX4C

2 23’313X4C
2 23~X4C
2 23’I13X4C
2 231T3X4C

3 23T13X4C
3 231T)X4C

4tQ5 231TlX4C
4t05 23TDX4C

6 23~4C
6 23T3X4C

lto7 16n3x4c
lto3 16n3x4c

1

2
1

1
1

1
1

3
2
1

2
2
1

2
1

1
1

1
1

1
1

1

1

TT
RR
4x
04
A
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FIIIAU3BK-225A

(MdS for MII.rS-20708TABLE WI. ~;~h~z
~ C [Fiaure 591 - Continued.

I13ADl IDAD OF mAD2

~ NL24BEROF !IR’s DI~ ~ N1.FlB3110FTR’S

(OR m’s) (OR ‘IRX’S)

1122 33 1122 33

880r330rll 880r330rll

TTTT TT TTTT TT

RRRR RR RRRR RR

14X 4x 4X ~ 4x4x 4x

RANs- B4C4 D4 (%3) ~E B;B:D:
UTrER A A A

7TRX4A - ~ 1 23mx4 C3 ~
lm4A 3 - 1 23mx4 C2 ~
17TRX4A 8 3 1 23mx4 c1 ~
17’IY?X4A 1 23mx4 c 1

~ ~ ~

17TRX4A ~ ~ 2 23mx4 C3 ~

17TRX4A 2 - y 2 23mx4 C2 ~

m!m4A 7 2 23mx4 c1 ~
Y7TRX4A 2 23mx4 c 1

~ ~ ~

37Tixo4A ~ ~ 3 23mx4 C2 ~

)7’IRX4A 1 - y 3 23mx4 C2 ~

3m4A 6 3 23mx4 c1 ~
37TRX4A ~ ~ 3 23mx4 c 1 ~

37TRX4A - ~ 4 23mx 4C 2 ~ ~

37TRX4A 6 1 4 23mx 4C 1 ~ ~

37TRX4A - ~ 5 23mx 4C 2 ~ ~
37TRX4A 5 ~ 5 23mx 4C 1 ~ ~

37TRX4A ~ 6to 7 23!33X4C 1 ~ ~

37TRX4A 4 2 ~ 6t.o 7 23’l13X4C 1 ~ ~

37’IRX4A ~ 8 23’I13X4C 1

37’IRX4A 3 1 ~ 8 23mx 4C 1 = =

78V-
23mx 4C ~ ~ ~ 1 lam X4C 1 ~ ~

i’8V-
23mx 4C ~ ~ 1 23m X4C 2 ~ ~

78V-
23mx 4C 1 ~ ~ 1 23m X4C 1 ~ -
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MIL+DBK-225A

I

TABLE VIII. *W VelUes of =mcltore for H3L-S-207W
1 transformers ti differential

!lYPE

llC1’4E

15CI’4C

18CT4C

23CT4C

11C23X4B

15a3x4c

18U3X4C

23CS3X4C

18’I13X4C

23’H3X4C

DEIXA~CAPACITCRS FUR KXJE? FACIUR(3XOW3T~
N3.mAL ~ 10% (KNY?DFARAC6) I

lvmll
CAP.

O.loa

0.066

0.042

0.042

0.33

0.63

0.84

1.98

3.00

6.30

W@. m
m

0.036**

0.022

0.014

0.014

0.11**

0.21

0.28

0.66++

1.0

2.1

CAP. El!lwEm I
0.054

0.033

0.021

0.021

0.165

0.315

0.42

0.99

1.50

3.15

‘hxhsd tn within 1 p3rcent

Mat&ted towithinl~

Matched to within 1 ~

Matchfa3towithinl~

Matchsd tiwithinlperumt

Matchsd tn within 1 parumt

Matched to within 1 ~

Matched towithinl percent

llatchedtmwithinl~

● ●represents average value for prwicus mdels ad pressnt ones; that is,
far llC1’4Eor llC1’4E,use 0.036 microferad pr leq
for 1XY3X4-X?4or 15C13X4D,use 0.21 micrdared w l=
for 23CZ)X4-XNor 23a3X4C, use 0.66 ukrofarad &r 1+
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MIL-H13BK-225A

TA8LiEIx. Ii.miti.mCT loads. additional to tomu e loads of Table V,
for MIL-S-20708 in 400-hertz tied Svstem A.

~NlB18H10FCTUNT3S
A003TICNAL’1t21CRQUSI.CLMX30F‘IABIXV

TX IN TDRQJE SYSTEMA, 11CT4E or 18C3’4C
‘m81.EV 15cr4c 23CT4C

18TRX4A 20 40

23TRX4A 50 100

31’llU4A 150 300

37’3RX4A 250 500

78V-18TDX4C 15 30

78V-23’IDX4C 30 60

TABLE x. Limitim CT loads, additional to tomu e loads of
‘IablesVI ad VII. for MIPS-20708 evrchr ffiin
gOO-h6xtz Mixed Svstem B.

P
I 23’IW@A

I 31TfoMA

LTMiTRW NUMBEROF ~’S PER TR OR ‘I’M(~)
AO131’I’ICN.AL‘m ‘IuKfXJEIDAns

OF TABIESVIANOVTI

11CT4E or 18C!T4C
1E423?4C 23C!T4C

3 6

7 14

19 I 38
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MIL-HDPX-22SA

TAEI.E)a. J4ilnitirumx-cr 1cads that reola02 a ‘XDX-lR~ of

soo-h~z ~~ ~ c..

NIMBEl AND TiP80F cruNrE. Pmmx
mxflmwiaimmcm a3xuN3?ls~

SYS1’EMSBANDC, cNE’mx-m BRANc3i llCI’4C 18CI’4B
~VIAND VII or

TYPE 15CT4B 23C3’4B

lB’3DX4Cwith its ll?lad lto4 11-4B 1 2

18’mx4c lto2 15a3x4c 2 4

18’mx4c 1 18CS3X4C 6 12
18’mx4c 2 18C3JX4C 2 4

18’mx4c 1 23CDX4C 2“ 4

23’H3X4Cwith its lR lmd lto7 llmX4B 1 2

23113X4C lto4 15ulx4c 2 4

23’I13X4C lto2 18U3X4C 6 12
23’IOX4C 3 18C13X4C 3 6
23’IDX4C 4 18mX4C 1 2

23’IDX4C 1 23CDX4C 14 28
23’IDX4C 2 23CDX4C 2 4
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MIL-HOBK-225A

TABLE Xn. ~t” ma leads for MIL-S-20708 syndros in 400-hertz
control Wstenl A (Fiaure 60~.

F
I 15CX4D

I IK!X4D

I 23CX4D

78V-llmX4B

78V-15CDX4D

I 78V-18CDX4C

I 78V-23mX4C

UM3TlNG NWIBm OF C1’UNIH
DFOP IN U3LWE

11CT4E m 18CT4C GRADIE?W OF CT
lKI’4C 23CT4C (%)

2

7

17

35

2

3

10

25

4

14

34

70

4

6

20

50

11

10

10

10

11

10

10

10

,

92



MxHioBx-225A

TABU XIII. j.&nitim lends for KU-S-20708 svnchms in 400-hertz
cMKt_ol !Wstm B (Fiaure 6Q.

l~4D
l~4D
18CX4D
18CX4D
18CX4D
18CX4D
18CX4D
18~4D
18CX4D
18~4D
23(X4D
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D
23Ci4D
230MD
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D
23CX4D

8V-18(23X4C
8V-18mX4C
8V-18C13X4C

IJKITIW NUMBH?OF C3’’sPE31CD
DI~ (R+k15X)

1
1
1
2
3
4
1
2
1
2
1
2
3
4
5
6
7
1
2
3
4
5
1
2
3
4
1
2
1
2
1

I llm4D OR 18~4C
TY-PEI 15cr4c 23C3’4C

11W4B
1SCY3X4D
llmx4B
llmX4B
11U3X4B
11U3X4B
15C33X4D
15CDX4D
18CT3X4C
L8CllX4C
LlmX4B
llmX4B
Lla3x4B
llmX4B
11CDX4B
Lla3x4B
11C33X4B
15C33X4D
15U3X4D
15a3x4D
15U3X4D
bmx4D
18mX4C
18a3x4c
18C33X4C
18CS3X4C
?3a3x4c

llmX4B
11C13X4B
15CT3X4D

1

4
1
1
1
1
1
1

2
1

4
2
1
9
2
1

2
1
3
2
1
1
4
1
8
2
3
3
2’
2
2
1
1
6
4
3
1
1

14
8
4
2
18
4
2
1
2

tFu2PIN
VUEIM8
Gl?ADIEN1’
OF Cl’

(%)

11
11
10
11
10
11
10
10
10
10
10
10
10
10
11
9
10
10
10
10
9
10
10
10
10
10
10
10
10
10
10

93



M31AmK-225A

mBIF, XIII. “ “t” cads for~ 400-hertz
Cbntrol svstm B lFiaurs 60\ - QJntinud .

IY
I

11CT4D OR 18CT4C

TPAN941Trm CHmmm’

78V-23C33X4C 1
78V-23CXM4C 1
78V-23mX4C 2
78V-23CX.lX4C 3
78V-23C13X4C 4
78V-23mX4C 5
78V-23CY3X4C 1
78V-23CDX4C 2
78V-23CDX4C 3
78V-23C33X4C 1
78V-23mX4C 2
78V-23C33X4C 3
76V-23CIIX4C 1

TYPE 15C3’4C

18C13X4C 1
11C13X4B 1
llmX4B 1
11(Y3X4B 1
llmX4B ~
llmX4B o
lFA13X4D
1=X4D 1
15C13X4D -
18mX4C
18mX4C 2’
18C13X4C -
23mX4 c

94

23CT4C

3
3
2
2
1
1
5
2
1
10
4
1
10

mP IN VQL%E
GPJU31ENTOF CT

(%)

10
10
10
11
10
10
10
10
10
10
10-11010

)



Km-HDBx-225A

mNs43T1’I

15CX4D
15CX4D

15CX4D

18CX4D
18Ci4D
18C%’4D

18CX4D
18CX4D

18CX4D
18CX4D

18CX4D

18CX4D
18CLX4D
18CX4D

18CX4D

18CX4D
18C3C4D
18CX4D
18m4D
18~4D

18CX4D
18CX4D

23CX4D
23CX4D
23CX4D

23m4D
23CX4D
23CX4D

TABLE XIV. J.Jlnit.imlc+ldsfor Km-s-m708 ~
m 4m-hert.z QJrltml !m3te7nc (Fiqure 60~.

ml
ulD.Txm NImBE
0FCFUN3T5

11CT4Eor 18~4
r5cT4c 23C3’4

2

7
13

10

5

6
10

3
6
8
10

1

15
30

9
20

4

14
26

20

10

12
20

6
12
16
20

2

30
30

18
40

I.fMDOF mAo2
D~ LmrrmGNMBER

1
1

1

1
1
1

2
2

3
3

4

1
1
1

2

1
1
1
1
1

2
2

1
1
1

2
2
2

llCI’4Eor 1~41
lYPE 15C3’4C 23C3’4(

ll~4B
11C33X4B

1503X4D

11C13X4B
llC13X4B
11C13X4B

llmX4B
ll~4B

1M3X4B
1M33X4B

llmX4B

15@X4D
1=4D
1SCX)X4D

L5U3X4D

18mX4C
L8CDX4C
18C13X4C
L8W4C
18C33X4C

18~4C
18C23X4C

lla3x4B
11C13X4B
ll~4B

11C13X4B
11C2)X4B
Llmx4B

1

1
1

1

2
1

4
3
2
1

1

1
1

1

1

2
1

1

3
2
1

2
1

1
1

1

4
2
1

1

8
6
4
2
1

2
1

3
2
1

3
2
1

mm

@ADIEN1’
FUR (?3”s
mu2m2

(%)

11
11

11

10
11
11

11
11

10
11

11

10
10
10

10

10
10
10
10
10

10
10

10
10
10

10
10
10
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mL+loBx-225A

TAEuE xl%’. I.in.it ’~sYrGm2s
j.n400-heztz Cbntrol ~ C [Fiaure 601 - Cnntinu4.

fANwrrI’ER

23CX4D
23CX4D

23CX4D
23CX4D

23CX4D
23CX4D

23CX4D
23CX4D

23CX4D

23CX4D
23CX4D
23CX4D
23CX4D

23CX4D
23CX4D
23CX4D

23CX4D
23CX4D
23CX4D

23CX4D
23CX4D

23CX4D

23CX4D
23CX4D
23CX4D
23CX4D
23CX4D

LoAol
JMrrING NUMBER
0FCTUN3T8

LCT4Eor 18cr4c
KT4C 23CT4C

15

11

7

3

10
20
25

14
20

5
10

4

8
16
24
30

30

22

14

6

20
40
50

28
40

10
20

8

16
32
48
60

LOAD OF U3AD2
)1~ IJMrrIK mm

3
3

4
4

5
5

6
6

7

1
1
1
1

2
2
2

3
3
3

4
4

5

1
1
1
1
1

Tlla3x4Bm33x4B

L103X4B
11CJ3X4B

Lla3x4B
L1CDX4B

llmX4B
llmX4B

11C13X4B

1=X4D
15C13X4D
15C13X4D
15CI)X4D

15C13X4D
15CDX4D
15mX4D

15C33X4D
15C13X4D
15C13X4D

1M3X4D
15t13X4D

1K23X4D

18a3x4c
18a3x4c
18mx4c
18~4C
18C2)X4C

1

1

1

3
2
1

2
1

1
1

-1
5
3
1

2
1

2
1

2
1

1
1

1

6
4
2
1

4
2
1

3
2
1

1
1

1

14
10
6
2
1

3RQP IN
X3LTACE
2RADIW
?OR m’S
lNmAD2
(%)

10
10

10
10

11
10

9
10

10

10
10
10
10

10
10
10

10
10
10

9
10

10

10
10
10
10
10

I
,
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142L-lu3mc-22SA

,
TABLE XIV. Mtiru 10?Idsfor KILrS-20708 ~

m4 00-hertz Cnntrol 8vste!n(Fiaure 6~ - amtillusli.

R4Nsa’r’im

23CX4D
23a4D
23CX4D
23CX4D

23CX4D
23U4D
23a4D

23U4D
23U4D

23a4D
23CX4D
23U4D
23CX4D
23CX4D

23CX4D
23a4D
23U4D

8V-18mX4C
8V-18CDX4C

8V-18C21X4C

8V-18mX4C
8V-18C33X4C

8V-18UA)X4C
8V-18mX4C
8V-18~4C

8V-23C21X4C
8V-23C13X4C
8V-23~4C

mAOl
Lmul’IK~
OF C1’UNTK

1C3’4Eor 18CI’4C
SC’I’4C

10
15
20

6
10

2

7
14
18
20

3
5

4

2

1
2

6
14

23CT4C

20
30
40

12
20

4

14
28
36
40

6
10

8

4

2
4

12
28

WNxTTY TYPE 15CI’4C

2
2
2
2

3
3
3

4
4

1
1
1
1
1

2
2
2

1
1

2

1
1

1
1
1

1
1
1

18CJ3X4C
18C33X4C
18~4C
18CY3X4C

18U3X4C
1893X4C
18aX4C

18~4C
18mX4C

23CS3X4C
23C23X4C
23mX4C
23mX4C
23W4C

23CDX4C
23C13X4C
23mX4C

1K13X4B
11U3X4B

lla4B

15(23X4D
15C23X4D

18C13X4C
18W4C
18C33X4C

11C2)X4B
llC13X4B
llm4B

4
2
1

2
1

1

9
6
3
1

2
1

1

1

1
1

1
1

23C’I’4C

8
4
2
1

4
2
1

2
1

18
12
6
2
1

4
2
1

2
1

1

2
1

3
2
1

3
2
1

CMU2Pm

mN33m?r
FUR Cr’s
3NICY+D2

(%)

10
10
10
10

10
10
10

10
10

10
10
10
10
10

10
10
10

10
10

10

10
10

10
10
10

10
10
10
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MU-HDEK-225A

lYIBIExxv. J.&nitim 1cads for MIb S-20708 ~
~ C (Fi 0} - Continued.

I.lxDl LOAD OF lmoz
IJMITmG NIrmm DI~ Lmrl’mGNuMBER DmP m
OF C1’tUiTTS OF m’S ~ mX VOLTAGE

(*/%dx) GRADIWI’
FUR CT’s

lla4E a 18CT4C llCI’4Eor 18ff4C mmmz
nvNmI’rrm 15cr4c 23a4C ~ m 15cr4c 23CI’4C (%)

78V-23C33X4C 2 llCl)X4B 1 2 10
78V-23mX4C 10 20 2 11CDX4B 1 10

78V-23CDX4C 3 llmX4B 1 2 11
78V-23C13X4C 5 10 3 llCl)X4B 1 10

78V-23mX4C ~ ~ 4 llmX4B ~ ‘1 10

78V-23mX4C ~ ~ 5 11C33X4B ~ 1 10

78V-23C13X4C 1 15C13X4D 2 5 10
78V-23CDX4C 2 4 1 15(13X4D 2 4 10
78V-23mX4C 10 20 1 l~X4D 1 2 10
78V-23C33X4C 14 28 1 15@X4D 1 10

78V-23C13X4C 2 l~X4D 1 2 10
78V-23C13X4C 7 14 2 15C13X4D 1 10

78V-23C13X4C~ ~ 3 1=X4D ~ 1 10

78V-23U3X4C 1 1803X4C 5 10 10
78V-23mX4C 7 14 1 18C13X4C 3 6 10
78V-23=X4C 13 26 1 18a3x4c 1 2 10
78V-23aX4C 15 30 1 18C13X4C 1 10

78V-23CDX4C 2 18mX4C 2 4 10
78V-23C13X4C 5 10 2 18mX4C 1 2 10
78V-23aX4C 8 16 2 18mX4C 1 10

78V-23C13X4C ~ ~ 3 18(33X4C ~ 1 10

78V-23C13X4C 1 23C13X4C 5 10 10
78V-23aX4C 3 6 1 23C13X4C 3 6 10
78V-23CIIX4C 7 14 1 23U3X4C 1 2 10
78V-23(33X4C 8 16 1 23aX4C 1 10
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Mm-HoBx-225A

TAME xv. JJilnithlula & for MlbS-20708 evmhros in 60-heKtz
-e &

U241TIM NU4BlXOF’3R (ORIW) UNITS

181W6B ar 2311U6B m 31’IRX6A Or 3-rn?xa

1811W6B 2 ~ ~

23117X6B 5 2 ~ ~

31’Ilu6r4 15 6 2 ~

371Tci6A 35 13 5 2

78V-23’I13X6C 1 ~ ~

78V-3lmX6C 11 4 1 ~

TAME XVI. Limitim leads for MH.rS-20708 swnchms
M 60-h*z mIQU e B.

lRAN9n’Trm (%)

311Rx6A

37mxm

3illW5A

3m6A

78v-31’mx6c

ltn3

lto8

1

2

lar2

lYPE

23’2TIX6C

23’I13X6C

31’mx6c

311T3x6c

23’IDX6C

18TRX6B 23’2RX6B 31’2RX6A 371mKA

1
I

- 1-1-
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MIL,-HDBX-225A

TABLE XVII. Limit”w loads for 1.ubS-20708 sm&m2s
in 60-hertz ‘Imuue Svstm c.

IRANs-
!n’T’rm

31’rRx6i

37TRx6i
3TI’RX6J

37TRx6#
37TRX6.
37TRx6#
37TRM
37TRX6
37TRX6
37TRX6
37’lRX6
37TRX6
3m6
37TRX6
37Ti?X6

37TRX6
37ZW6
3TIRX6
37TRX6
37TCK
37’3RXE

78V-
31’mxf

LcA4131
LJFUT3N NW4Bm OF m’:

(OR TRX’S)

1 2 3 3
8or30r10r7
T
R
x
6
B

T
R
x
6
B

1

-
1

5
11
20
25

y

15

5
13
25

3
13

2
5
9

1
5

T
R
x
6
A
—

T
R
x
6
A
—

1

2
3

1

1

3

TUANITTY TYPE

1 to 8 23’I13X&
1 to 3 23’3DX6(

1
1
1
1
1
1
1
1
1
1
2
2

2
2
2
2
2
2

31’mxa
31mX6(
31n3x64
31TDX6J
3l’mxa
31n3x&
31’mx6
3l’mx6
3l’mx6
31’IDX6
31T13X6
3ll13X6

31mX6
31mx6
31’IUX6
31mx6
31mx6
31mx6

LnAo2
JKITIK NMBEROF m’:
(oR TRX’S) PER mx

1 2 3 3
8or30rlor7
T
R
x
6
B

T
R
x
6
B

T
R
x
6
A

1

1
~.

9
8
6
4
2
1

7
6

5
3
1

1
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MILAU3EK-225A

I
TABLE XVIII. @ti.nnnnvalues of svn&UO rxmlcitors for FUIJ- 2 .s- 0708

60-hertz. cnntrol transforn=rs and cliffarential

DELTA CNtW!lD C4PAC31WH IllRFU4H? CXRW2TIa
lKmNAIJ flo% (mIcmFARAm) I

TYPE

lWI’6D

23C3’6D

18alx6D

23C21X6C

23’IDXEC

31113x6c

lv3’AL
CAP.

1.02

1.02

2.40

3.60

10.40

30.00

CAP. Pm
Im

0.34

0.34

0.80

1.20

3.40

10.00

CAP. 8EIWEEN

.51

.51

1.20

1.80

5.10

15.00

Mal@n33to within lp2rumt

matchdtowithinl~

Matched to within 1 proent

Matched to within 1 pzmmt

FM.ct& to within 1 percent

Mmckd to within 1 percent

TABLE ~X. Limit”Mu (3’loads. additioml to tome loads of
Wles xv. for MIL-S-20708 SY@’UC6 in 60-hertz
tied 5#s&m A.

LJM3T3X NLM8Di OF mUNITS
ACD3TIWAL TO?ORWELCYU3SOF

‘IX33JTQFQUE SiSI’R3A, TABLE XV
TABLE XV

lWI’6D or 23C3’6D

181Rx6B

231YU6B

31mx6A

37TYW6A

7BV-23mX6C

7BV-31’3TIX6C

2

3

10

25

2

10
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MU.rHoBl(-225A

TAME xx. Limit”~ ltoto e cads of
roles XVI ard XVII. for MILJ-S-20708
jn 60-hertz Mixe5 ~ B.

UM3T3NG NlM3EROF CT’s PER IR (I&)
ADD3TICNAL TO ‘IWQUE LQ4CS OF

TT70RlRx mmRQuEsYsl’ms TAELE5XVIAND XVII
BAND C, TAIUSXv’IAND~I

lSCI’6Dor 23C1’6D

Fur n 181TW6B, ~ = lor6n(largao fthetm)
For n 2311U6B, r& = 2 or 1.8 n (layer of the +3+0)
For n 31TRX6A, ~ = 5n
Forn37TRX6A, ~= Ion

TABLE XXI. J&nit”m mX~ loads that replace a ‘IDX-TRbranch of Tables XV3
d XVII for MIL-S-20708 svrdrc6 in 60-hertz Mixed Svsten c.

1-
NUMBER AND TYPE OF

!l13X-mBRANa-1IN ‘n3FwE (3)XUNITS REPLACING
SYS1’EUSBANDC, ONE ‘n)x-m BRANcn c!ruNrrs PERcDx

TABI,ESXVIAND XVII
NUMBER

23!KIX6Cwith its TR lead 1

31113X6Cwith its m lead lto5
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Mm-HDm-225A

TABLE HI. Limitim loads for M3L-S-20708 svrxtr& in 60-hertz
~.

LDDTOK ~ OF CT’s lm3P3NU3UmGE
mAN9Wrlm? 15C3’6D m 23CIWD GRADIENT OF CT (%]

18’n7x6B 3 18
23CX6D 3 18
23~6B 4 35
31’llW6A 18 15
37’3RX6A 45 13
78V-23mX6C 2 20
7BV-231DX&2 3 35
78v-31mx6c 20 15

TABLE X%311. @niti.na 1Oads for Mm-s -20708 svnduxs in 6~z
Cbntrol Svstm ij.

‘ll?ANSfrrrH

23’lT?X6B
31moc5A
31mMA
31T$X6A
31m6A
37’ll?x6A
37’IRX6A
37’mWA
37mx6A
37’mxm
373RX6A
3T3RX6A
37’mx6A
37’Ima
371m6A
78V-31’I13X6C
78v-31mx6c
78V-31’IDX6C
78V-31’IUX6C
78v-31mx6c
78v-31mx6c
7Bv-31n3x6c

1
1
2
1
2
1
1
2
3
4
5
6
7
1
2
1
2
3
1
2
3
1

23CI)X6C
23mX6C
23mX6C
23mX6C
23mX6C
23C13X6C
23mX6C
23mX6C
23mX6C
23’IDX6C
23mX6C
23mX6C
23mX6C
31’l13x6c
31’mx6c
23C13X6C
23~6C
23CJ3X6C
23CY3X6C
23’l13X6C
23’lT)X6C
31113x6c

1
1
1
2
1
1
3
2
2
1
1
1
1
10
4
1
1
1
3
2
1
2

omP m
UX1’AGE
GRADIENI’
OF CT (%)

20
16
17
16
16
15
16
15
15
14
14
15
15
15
35
16
17
18
18
18
18
18
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Mm+U3Bx-225A

TABLE XXIV. Li.mith lmds for M13.rS-20708svnchms
jn 60-hertz CblltrolSVstem c.

mAN9fc—rmR

23TIU6B

31mx6A
11TRX6A

31TRX6A

11’3RX6A
31mx6A

31TPXA

37TlW5.A
37TP.X6A<

37TRX6A
37TRX6A
37TRX6A

37TRX6A
37T2W5A

37TRX6A
37TRX6A

37T37X6A
37TRX6A

37TRX6A
37-HW6A

371Rx6A
371mKA

37’mx6A

UY+Dl
JMr3’IW NUMBm
0FC2’U?WI’S

5CT6D or 23CK!l

-

3

~

7

-

10

10
35

30

25

15

9

3

3DAD OF Ilm232
01~ UMrrING NUMBER

OF C3”S Pm C2)X

1

1
1

2

1
1

2

1
1

1
1
1

2
2

3
3

4
4

5
5

6
6

7

TYPE 115CT6D or 23C3W

23mX6C

23C13X6C
23CDX6C

23mX6C

23’IDX6C
23’H3X6C

23!333X6C

2393X6C
23C33X6C

23TDX6C
23’IDX6C
23mX6C

23mx6c
23’I13X6C

23113X6C
23113X6C

23’3T3X6C
23’313X6C

23mX6C
23’IDX6C

23’IDX6C
23’2DX6C

23’H3X6C

1

1
1

1

2
1

1

1
1

3
2
1

2
1

2
1

1
1

1
1

1
1

1

33mP IN
VOLTACE
GRADIml’
FOR CT’s
UJ3.0AD2

(%)

20

16
17

17

16
16

16

15
16

16
15
15

15
15

15
15

14
15

14
15

15
15

15
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I

37n?x6A
37’IRxa
371TW&4
37112x6A
37’3m(6A

3TIYW6A
371Rx6A
3m6A
37mx6A

78v-31n3x6c
78V-31TDX6C

78V-31’K3XK
78V-31TDX6C

78V-31’I13X6C

78V-31113XK
78V-31T13XW
78V-31mXK

78V-31113X6C
78V-31’I13X6C

78V-31’213X6C
78V-31’IDX6C

78V-31’213X6C
78V-31’IDX6C

TAEJ.EXXIV.. .Limiti.mlends for MIL-S-20708 SVI@UCS
in 60-hertz CuntrQl Svs@nc-mntiJIua.

KU131
UMITING NUMBE
OFm UNIT5

SC3’6Dor 23CT6

12
25
35
45

6
12
18

-1

3

-

8
15

9

2

3

1
1
1
1
1

2
2
2
2

1
1

I

‘1

1

3

1
1
1

2
2

3
3

1
1

m 15C3’6Dor 23C2’6

3l’mx6c 10
31’313x6c 8
31’n3x6c 5
31mx6c 3
31mx6c 1

31mx6c 4
31’mx6c 3
31’n3x6c 2
31mx6c 1

23U)X6C 1
23C33X6C 1

23C13X6C 1
23C13X6C 1

23C13X6C 1

23’IDX6C 3
?3’mx6c 2
z31nx6c 1

?3mx6c 2
)3’mx6c 1

?3n3x6c 1
}3113x6c 1

11’I13XK2 2
llmx6c 1

2883P334
Wm?UZ
Qz401mr
FUR CT’s
3NmAD2

(%)

15
15
15
15
15

15
15
15
15

16
18

17
18

18

18
18
18

18
18

18
18

18
18
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KUrHDEK-225A

TABLE XXV. Size of ur~ tvw svmhms.

AFPRox33mTE AwKmmTE APPRJXIM4TS EwwALEm
SIZE DIAMETER D~ OF S1’IMWD

(inches) (Wmw) SYNC31G0(SIZE)

1 2.25 2 23

3 3.1 3 31

5 3.37 b 3.62 5 37

6 4.5 8 —

7 5.75 18 —

TAEU XXVI. R.mction of me—~ tvre SVnCtus.

Fmm’mN

G “tterTran9N

D Differential Receiver

M Differential Transmitter

Cl’ Cmtrol Transfonner

H High-speed Unit

B I&uing+bunti Unit

N Nozzle-Mmnted Unit

s ~ial Unit

P Flarge-Mcuntd I?Eeiver

-s letter is mrmlly can.ittedif letters other than H or S occur in the
type designation.
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mL.-Hmx-225A

TABLE XXVII. ~.

20708/79 2070a/7 20708/1
lYPE DESIGNATION h mI12VWCE 2W-08Cl’4C 26V-lWl’413 lMT1’4E

primary wltage (V), t 1% 10.2 10.2 78

primary aurent (W), mx.illm 23.0 86.0 18.0

Prilmzy p$er (wat~) , mxi.mul 0.053 0.18 0.24

Iu@#lce (ohm) , min-lrax

2ss
2s0 444-570 118-150 4350-5700
Zrs 830-940 130-170 585-700

bqxdmce arqle (degrees),min-mx
Zro
2ss
m 76.0-81.0 78.0-84.0 77.3-83.5
Zre 16.0-20.0 23.0-35.0 22.0-32.0

h-ansfoxnationratio, t 2% 2.203 2.203 0.735

W shift, l=d (dqrees), varies 8.0 *1.5 4.5 *1.5 5.0 il.o

Uectriml error ( “MuNtes), mix 7.0 7.0 7.0

&eivererror(” nunutes), m — — —

tillvoltige (mV), TM
‘Itbl 30.0 18.0 60.0
Rlniamntal 25.0 15.0 32.0

‘rictiontnrque (oz-in), mx 0.04 0.07 0.07

brque gradient (oz-i.n), min — — —

-tie rk (c@3reesc), mix 10.0 10.0 10.0

,ymhronizing tim (SeUmls), Unx
30” t 2“ —
177” ? 2“

briation of voltage (t 10%) ad —
~eqwq (*5%), (watts),lmx

!adialplay (inches), rex o.0004 0.0006 0.0006

M Play (inches), varies o.0007 m 0.0010 0.0010
to.0005 to.000s
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M33_ADEK-225A

TABLE XXVII. MIL-S-20708 OPL WTdlrOs - continued.

20708/15 20708f21 20708/29
WE DESI~~ & ‘KLW.ANCS 15cr4c 15CT6D 18CT4C

rimry voltage (V), t 1% 78 26 78

~imry Wrrent (M) , mxinml 10.0 13.0 7.0

rti ~ (wa*), ~ 0.17 0.25 0.06

_ (-), min-max

Zee
Zso 7800-9512 6000-7500 ,12000-1480(
Zre 1050-1300 1300-1650 980-1190

= Wle, (d=zr-), min-mx

Zes
2s0 77.8-84.5 78.0-82.0 82.0-84.5
Zrs 26.0-33.0 13.0-18.0 42.0-52.0

hnsfonnation ratio, k 2% 0.735 0.735 0.735

base shift, lead (degr6=s),variee 5.5 il.5 9.0 *ZOO 2.0 ~z.rj

:kztriml error (minutcLs), A 6.0 6.0 6.0

eceiver error (minutes), nkax —-. —-- —.

iullvoltage (mV), max
‘Total 60.0 65.0 30.0
FWdankmtil 32.0 45.0 20.0

Yiction torque (oz-in), nkax 0.05 0.65 0.10

brque gradient (oz-in), mb ---- --— —--

kmperab.ue rise (degreesC), mx 10.0 10.0 20.0

Wr@lronizi.lqtinr?(.e6mrde), mlx
30” * 2“ —
177” ? 2“

hriation of voltage (t 10%) a.rd — —

Prquency (-5%), (watt?.), Imx

?adialPlay (inches), H 0.0006 0.0006 0.0006

M Play (M=) , variee 0.0010 0.0010 0.0015
*O.0005 to.0005 *O.OO1O

I
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mL-HDm(-225A

TAME XXVII. -~ - Cbntinued.

20708/34 20708/46 20708/53
IYPE DESIW’ITGN & mLEXANCE 18C3’6D 23CI’4C 23C3’6D

?rimry mlage (V), t 1% 78 78 78

Pri.lrazycarrel-t(m) , UEOdmnn 17.0 5.7 18.5

?rimx-y p.$e!r(Wltb) , mxi.nml 0.43 0.06 0.48

y(Ohm)#~

2se
2s0 4600-5800 13400-16700 4200-5100
2re 1600-2050 1040-1260 1350-1650

bWe&nce angle (dqrees) , min-mM

2s3
2.50 70.0-76.0 81.0-84.5 70.0-76.0
2X5 14.5-18.0 46.0-56.0 14.+20.0

Transformationratio, f 2% 0.735 0.735 0.735

+_@se shift, lead (dqrees) ,varies 16.0 f3.O 2.3 ?2.0 14.0 i2.5

~l~ical error (minutes), H 6.0 6.0 6.0

leceivererror (minutes), w — —

/ullvoltage (mV), n-ax
mtal 45.0 45.0 45.0
mrdamntal 25.0 20.0 30.0

Yiction torque (oz-in), mx 0.10 0.20 0.20

Mque gradient (oz-in), min —

-a-e rise (degrees c), max 10.0 20.0 10.0

~iziq tine (aean-ds),m
30” * 2“ —

177° 2 2° — —

kiriationof voltage (f 10%) ard — —
Frequency (t5%), (watts), w

?adialPlay (inches), unx 0.0006 0.0010 0.0010

M Play (ties) , varies 0.0015 0.0025 0.0025
to.0010 to.0020 to.0020
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TABLE XXVII. MIWS-20708 OPL avnchcs - Cbntinud.

I

primaryWrrent (m) , maxim.m

Iw=3.&= (Cinm), min-lmx

Zes
Zso
Zre

@a#== angle (degres) , min-mx

2?ss
Zao
Zre

Transformtion ratio, ? 2%

Phase shift, lead (degrees),varies

E1-iml error (minutes), rrax

2@ceiver error (rdsn.k@, w

Null voltage (mV), mm
!2ktal
Fur&mental

Riction ixrque (oz-in), i?ax

Variation of voltage (t 10%) and
Frequerq (-5%), (mtls) , ~

Radial Play (ir&ee), mx

M Play (i.ndvss), mries

20708/78
!6V-08CX4C

!6

153.0

).84

170-215
11.0-15.0

77.5-80.5
?.0-15.0

D.454

5.5 *1.5

7.0

—

30.0
20.0

0.04

----

20.0

0.0004

0.0007 m

110

20708/8
!6V-11CX4C

!6

130.0

).41

200-300
5.0-12.0

30.5-84.0
18.0-30.0

D.454

4.0 fl.5

7.0

—-

19.0
12.0

0.07

----

20.0

—
—

—

0.0006

0.0010
:0.0005

20708/2
11CX4E

115

31.0

3.59

3720-470(
$10-500

80.0-84.I
17.0-26.(

0.783

4.5 *1.5

7.0

----

75.0
45.0

0.07

—--

20.0

—-
—--

——

0.0006

0.0010
to.0005

.
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Km-HoJK-225A

TAME XXVII. s- o~ - Ctmtimled.

IYPS DESI@Wi’1~ .5‘IUE+ANCE

Primery voltage (V), f 1%

Primary ~t (m) , ~

Prilmry pY#2r (Watti), mxinlnn

lqedmce (Chn?s)* min-lmx
ZrO
Zsss
ZaO
Zre

y angle (degrees),nd.n-nu

‘2s.s
m
Zrs

l’ransfonrationratio, t 2%

%asa shift, lead (dqreee) ,variei

21-iml error (minutes),w

&s2iver error (minutes), mx

WI wltage (mV), nax
‘lbtaI
PWdanEntal

Yiction torque

Wque gradient

(oZ-in), Imx

(oZ-in), min

xatie rise (dqrees c), mx

W-’J’yp.wl t~ (Se=xKle) , lmx

177° t 2“

Eriation of wltige (t 10%) ti
FWqWncy (25%), (watts),Irax

tadialPlay (inches),rrax

M Play (ties) , varies

20700/14
3.5cx411

115

85.o

1.2

1402-164:
123-138

81.4-84.(
26.5-31.!

0.783

4.Q fl.5

6.0

60.0
32.0

0.05

—

20.0

—

—

0.0006

0.0010
0.0005

20708/28
18CX4D

115

110.0

1.1

1045-1400
40.0-57.0

84.0-87..5
34.0-48.0

0.783

1.5 fl.5

6.0

60.0
40.0

0.10

—

20.0

0.0006

0.0015
0.0010

20708/33
180M2

135

40.0

1.1

2875-3375
660-810

76.0-80.0
9.0-13.0

0.783

11.0 *1.5

8.0

85.0
30.0

0.10

25.0

0.0006

0.0015
0.0010
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MIMIOBU-225A

l!AELEXXVII. MII.-S-2O7O8OPL svndums - amtinued .

7YPEDESIGNATION & ‘R3tiCE

?imry vultage (V), t 1%

%imqy alrrent (m) , InWinlm

?rimarypwer (watts), Imxi.nnlnl

mp65aMe (Oh.nts), M.in-nvlx
Zro
Zss
2s0
Zrs

~ angle (degrees), min-nm
m
Zss
Zso
Zrs

I’ransformtion ratio, ? 2%

phase shift, l-d (degrees),mri=

Electrical error (minutes),w

Receiv- -or (rni.nutes), nax

Null voltage (inV), mx
‘Ibtal
Fumanrmtal

Friction torque [oz-in), mx

Tmque gradient (oz-in),min

~ature rise (dqrees C), max

Wp:& t~ (-*), m

177” ? 2“

IVariation of voltage (t 10%) ad
Frequency (-5%)# (watts), max

Radial Play (ir@v2s), max

~ Play (tics) , varies

I

20708/45
23CX4D

115

245.0

2.1

470-580
21.6-26.0

84.0-87.5
42.0-47.0

0.783

1.0 ?1.0

6.0

----

48.0
32.0

0.20

20.0

—-

0.0010

0.0025
:0.0020

0708/52
3CX6D

15

!0.0

..7

.450-1700

.55-310

?9.0-83.C
10.0-15’.C

1.783

5.5 tl.5

5.0

60.0
30.0

0.20

20.0

—-

0.0010

0.0025
:0.0020

20708/80
~-08UIX4C

0.2

.08.0

1.29

)5.0-120.0
15.0-48.0

74.0-79.0
L5.O-20.O

1.154

3.5 fl.5

7.0

----

30.0
20.0

0.04

—--

20.0

—-
----

----

0.0004

0.0007 IMx

,)
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Mm-HDm(-225A

TABLE WI. m~ S-20708 OPL SW@lrOs - atntilnled.

20708/9 20708/81 20708/1(
TYPE D~IWTION h TOI13UUKE 2W-UmX4C Uc13x4B Mim(4D

Prinnzy voltage (V), t 1% 10.2 78 78

Prilmry current (W) , TaxinUm 150.0 49.0 90.0

primary ~ (watts), mxinlnn 0.30 0.64 1.1

T (ohm) , Inin-max

2ss
2s0 68.0-85.0 1590-2050 870-1150
2r5 20.0-26.0 470-570 195-290

T angle (degrees),nd.n-mx

2ss
2s0 77.0-82.0 79.0-85.0 79.0-85.(
‘Zrs 22.0-30.0 23.0-33.0 27.O-37.~

‘rransfrmrationratio, ~ 2% 1.154 1.154 1.154

Phase shift, lead (degrees),varies 6.0 i2.O 4.0 fz.o 5.5 fz.o

E.kctricdl error (minutes), n-ax 7.0 7.0 6.0

Receiver error (m.bnkes),mix —

Null voltage (mV), mx
mtal 26.0 90.0 60.0
mmlamntal 17.0 60.0 32.0

Friction torque (oz-in), w 0.07 0.07 0.07

- Tadient (oz-in), m-in — — —

Mq2+erature rise (dqrees c), w 10.I3 20.0 20.0

T:W4 t~ (Seml15s), m
—

177° ? 2°

Variation of voltage (t 10%) aM —
FreWmcy (i5%), (k’at*), lrax

Radial Play (_), w 0.0006 0.0006 0.0006

W Play (MS) , varies 0.0010 0.0010 0.0010
*O.0005 to.0005 to.0005
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MIL-HDBK-225A

‘I?W.EXXVII. 141kS-20708 OF% ~ - mlltinued.

20708/30 20708/36 20708/47
XYPE D=IQWI’ICN i ‘101.EU+NCE 18CDX4C 18a3x6D 23CDX4C

Primry voltxlge(v), * 1% 78 78 78

primary ment (HIA), IMximnl 128.0 52.0 285.0

Primq ~ (Wit=) , mxi.mnl 1.1 1.3 2.6

mgedame (Ctms), -m
ZrO
2ss
2s0 610-785 1500-1875 275-340
Zre 76-110 915-1225 37.0-50.0

~ angle (degrees), min-nm
Zro
2ss
2s0 83.0-86.5 69.0-75.0 82.5-85.5
Zrs 40.0-55.0 12.0-18.0 45.0-50.0

Transformation ratio, f 2% 1.154 1.154 1.154

l%ase ehift, l-d (degrees),varies 2.0 *2.O 15.5 f2.o 2.0 il.5

Electrical error (minutes), H 6.0 7.0 7.0

Receiver error (minutes), nkax — —- -—-

Null voltage (mV), mix
Total 75.0 100.0 60.0
FurrbWntal 40.0 60.0 30.0

Friction torque (oz-in), mix 0.10 0.10 0.20

‘IWque gradient (oz-in), m.in -—- ---- ----

mature ri~ (degr= C), mx 20.0 20.0 30.0

SYnchJO~~ ti.m (seSo*) , W
—-

177” * 2“ — —- —-

Variation of voltage (t 10%) d — —- —---

qq (*5%), (~t=) , -

Radial Play (~)., H 0.0006 0.0006 0.0010

~ Play (ties) , varies 0.0015 0.0015 0.0025
io.0010 to.oolo io.oo20
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FUL-HOBK-225A

TABLE XXVII. ~ -..

I {
20708/54 20708/6 20708/32

lYPE DEIGIN3’ICN & ~CE 23C13X6C 26V-UT%4C WIWX4A

FTinnry vol~ge (V), f 1% 78 26 125

Primry current (m), IMxinUn 90.0 280.0 400.0

Prinnry pmr (Watti), mxinnnn 1.7 1.0 4.0

hu@ance (dim), min-mex
ZrO —
2ss 3.3-4.2 16.0-21.0
2s0 867-1100
Zrs 448-550

h’pdame arqle (dqrees) , min-mx
Zro
2?s.s 17.0-24.0 38.0-45.0
‘2s0 75.0-79.0
Zrs 14.5-23.0

iransfonrntionratio, ? 2% 1.154 0.454 0.783

bse ehift, l-d (dqrees) ,varies 11.0 22.5 4.0 il.o 4.0 W

llectri=l error (nd.nutes), w 8.0 7.0 8.0

kceiver error (minutes), mx — — 45.0

fullvoltige (mV), M3X
‘Tbtdl 65.0 100.0
Purdmental 40.0 — 50.0

‘rictiontozque (oz-in), mx 0.20 0.07

bque gradient (oz-in), rnin — 0.0080 0.10

mature rise (degreee C), mx 20.(3 20.0 35.0

W;JKl t~ (~), Max
1.0

177° ? 2“ — 2.0

‘ariationof voltage (t 10%) m — 1.4” 5.6
F1—e@mq (*5%), (hat=) , Max

adial Play (irdes) , MM 0.0010 0.0006 0.0006

M Play (indee) , varies 0.0025 0.0010 0.0020
20.0020 i0.0005 *0.0015
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MIL+l13m-225A

VXU7w WT M7T ..C-7070R OPT, svnchros - Cnntinuti..—, ”..-... —- ------ -—...————

1
20708/35 20708/50 20708/56

YPE kSIGNATION & TOIJZ?ANCZ lmRx6B 23M4A 23TIW6B

Yimuy voltage (V), t 1% 115 115 115

?rimaryC3Jrrent(m) , Imxinml 100.0 720.0 210.0

?rimarypcwer (watts), maxilmln 4.0 4.6 5.6

T (ohms), ndn-mx
— —

Zss 350-430 6.5-8.1 110-145
2s0
Zrs

~ angle (dqres) , nd.n-nn%
Zro ---- ---- ----

Zs.s 10.0-15.0 44.0-55.0 10.0-17.0
Zso
Zrs

l’ransfomntionratio, t 2% 0.783 0.783 0.783

Mass *if t, lad (dsgrees),varies 16.0 nnx 2.0 m 11.0 m

Electrical error (minutes), mx 6.0 “ 6.0 45.0

Receiver error (miru~), max 45.0 45.0 8.0

Null voltage (mV), mix
To’@l 300.0 150.0 160.0
Furdammtal 50.0 30.0 60.0

Friction torque (oz-in), mx ---- —-- —-

‘Itmquegradient (oz-in),mi.n 0.050 0.25 0.12

_atie rise (degre c), mx 40.0 30.0 35.0

=@ tire (Seccm3s), rra.x
1.0 1.0 1.0

177° t 2“ 2.0 2.0 2.0

Variation of voltage (? 10%) and 5.6 6.5 8.1
=WJw (*5%), (watts), n’ax

Radial Play (tia) , mx 0.0006 0.0010 0.0010

M Play (tie) , varies 0.0020 0.0025 0.0025
*O.0015 *O.0020 to.oo20

I
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MIL-HDPK-225A

TABLE XXVII. &lIL-S-20708OPL SvnchKs - mnti.nud.

20708/62 20708/66 20708/74
IYPE DESIQJATION & ‘lY3LlRANCE 311’WX4A 31’IRX6A 37mx6A

Frimazy volbge (V), t 1% 115 115 115

Primary current (IPA), Unxi.mlm 1650.0 440.0 830.0

Pr* pmr (watts), naximm 14.4 6.6 9.25

I’n@#’= (Olnns), Inin-mx
— —

Zae 2.5-5.5 24.0-33.0 7.0-10.0
2eo
2re

hpalmce angle (degrees),min-mx
Zro — — .

2ss 60.0-75.0 16.0-24.0 30.0-40.0
2SJ
m

rmnefornntion ratio, ? 2% 0.783 0.783 0.783

?hase shift, lead (dqrees) ,varies 2.0 m 6.5 w 3.5 m

Electriml error (minutee),mx 8.0 10.0 10.0

-iver error (minutes),nxM 36.0 36.0 36.0

tull voltage (mV), H
ml 170.0 170.0 170.0
FUn3menbl 35.0 35.0 35.0

Friction torque (oz-in), mx —-- — —-

Ibrque gradient (oz-in), min 0.67 0.40 0.90

~tie rise (dqeee c), w 60.0 35.0 35.0

~izb time (~), ~
30” ? 2“ 1.0 1.0 1.0
1770 ? 2“ 2.0 2.0 2.0

Variation of Wltige (i 10%) ard 27.0 9.4 18.0
Prquenq (*5%), (hat-), m

Radial Play (ties) , mx 0.0008 0.0008 0.0008

R-d Play (inches), variee 0.0030 0.0030 0.0030
to.0020 ?0.0020 ?0.0020
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Mu-HJ3Bx-22m

TAWE XXVII. M3L-S-20708 OPL avnduoe - Cmltinud .

20708/48 20708/55 20708/68
~ D~IC3JA1’I@4& mWCE 23mX4C 23mX6C 31’mx6c ~

?r~ voltage (V), t 1% 78 78 90 m

?rilnaryalrrent (ll?l), lnaxhm 866.0 215.0 725.0

?@.mry ~ (Wat-) , mximlll 7.0 4.8 7.7

y (dli’ns), min-m.x

2ss
ZeO 90-112 370-460 —
Zrs 11.0-15.0 175-220 44.0 m

y angle (degrees), min-nw

Zes
Zao 84.0-88.0 74.0-78.0 ----
Zrs 47.0-53.0 15.0-20.0 27.0 h

l’ranefcmmtionratio, f 2% 1.154 1.154 1.154

Phase ehift, lead (degrees),variee 2.0 tl.o 11.5 f2.o 6.5 w

Electricalerror (minutes), rrex 8.0 6.0 10.0

?.eceivarerror (minutas), mm —- —- ----

Sun voltage (mV), mm
!Ibtil —-- ---- ----

FudalEntal ---- ---- ----

Friction torque (oz-in), mx 0.20 0.20 0.50

lbrque gradient (oz-in), m.in 0.16 0.03 0.30

lkmperature rise (degreesC), max 25.0 25.0 18.0

~zti tti (Semi’d.s), -
30° ? 2“ —- —--

1770 ? 20 — —-

Variation of voltage (t 10%) ard 7.84 6.72 ----

==W=W (*5%), (Wat-) , max

Radial Play (i.rdes), mm 0.0010 0.0010 0.0008

W Play (*=) , variee 0.0025 0.0025 0.0030
to.0020 to.0020 to.0020

m resistance (ohms), refererce
Wtor —- —-- 24
Stator —— — 19
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MIMiDBK-225A

TABLE XXVIII. ~S-2070E nonQPL evnducq.

2070S/136
26V-05CT4ATYPE DESIQW’IGN

FTimdry vmltage (V), *1%

PrillkryWrrent (W+), mxinlml

Prilmry pxer (wat&) , mxilmlm

~ (chins),varies

2ss
w
Zre

y angle (dcqrees), varies

Zse
‘2s0
Zrs

Transformation ratio, variee

Fbse shift, lead (dqrees) ,varies

Electrical error (minutes), mix

Receiver error (minutes),rmx

Null voltage (mV), mot
ml
mrdamental

Friction torque (oz-in), nkax
@ -55°C

= 9radimt (oz-i.n),min

ma-e rice (deqEees c), w

c;? t~ (~), w

1770 ; 2*

Lhriation of voltege (t 10%) ad
FrqUency (f5%), (mt&) , m

?adial Play (inches), m.x

EM Play (inches), ~ies

D2 resi~, (chins),f 15%
lbtor
StxkOr

11.8

20.0

0.045 m

Rt20%+jti20%

175+j615
855+j240

—
—

1.765 i3%

16.0 IMX

10.0

—

60.0
40.0

0.04
——

—

10.0

—
—

—

D.Oooa

0.0001 mill
0.0010 UHx

400
620

20708f142
26V-23C2’4A

20.4 21.2

>.002 nun

tf15%+jti108
135+j7475

1400+j17500
i60+j460

—
—

0.635 *0.02

2.0 *(3.5

20.0

—

7.0
5.0

1.2
).4

?0.0

—

).0010

0.0020 Ia3x

—
—

20708/5@
15C3’6B

90 m

20-25 mirr
m

3.7

3611 nan
1423 run

)0.1 m
15.9 m

0.735 ?2%

20.0 ?2.0

6.0 ‘

—

30.0
60.0

9.05
—-

—

10.0

—

).0004

0.0015 m

—
—
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KU-HDM-225A

TABLE XXVIII. MIkS-2070B non-opii~ - CQntinued.

20708/25 20708/39 20708/42
TYPE DESIGNATION 16CIE4B 19C!IB4B 19CIT36B

r- voltage (V), t 1% 7a 78 ’78

Yilmry current (m) , I’mxinnnn 24.0 7.0 20.0

TimaIy pxer (mm: a ~ 0.35 0.25 0.35

Xp2&n0e (Oknne), Inin-rax
m
Zse
2s0 ——

Zrs --— —-

? argle (degrees), min-max

Z.5e
Zso —-- ---- —--

Zrs -— —- —-

kansformation ratio, ? 2% 0.735 0.735 0.735

Wiee shift, lead (degrees),variee 8.0 W 3.0 m 20.0 lnax

Electrical error (minutes.), H 10.0 8.0 6.0

Receiver error (minutes),mix ---- —-- ----

Null voltage (W) , max
lbtal 60.0 65.0 60.0
FWrlamntal 40.0 35.0 30.0

Friction tmque (oz-in), w 0.05 0.10 0.15

lbrque gradient (oz-in), min ---- -—- ----

Mmperature rise (degreesC), RELY -—- -—- ——

y:;? ‘- ‘-*) ~ m —- —

177” * 2“ — -—

Variation of voltage (t 10%) ard — —--

Prequercy (*5%), (Watti), lmcx

Radial Play (inches), m 0.0006 0.0006 0.0006

M Play (inchffi),varies 0.0015 m 0.0030 w 0.0030 W

CC resistance (ohms), reference
Rotor — —-- —-

Statir —- ---- —-
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MIWiDm-225A

I
TAME XXVIII. MII.-S-2O7O8rmn-oPL avnckoa - Cuntinud.

TYPE D=IC2iATTGN

Pri.mry voltage (V), i 1%

Primazy Cdrrent (Ilb4), nnxilmlm

Primry ~ (hatti), nkMinUm

hpszhce (Ohnts), min-lrax

2ss
Zao
Zra

~ angle (degrees),variea

Zsa
ZaO
Zra

?ransformtion ratio, varies

?msa shift, l-d (deqrees),varie

Wctrical error (minutes), H

kceivar error (minutes), ~

M 1 voltige (mV), nnx
‘rtbl
Fkrklental

kiction torque (oz-in), u

orque gradient (oz-in), min

_atie rise (degreesc), H

177” k 20

ariation of mltage (i 10%)
Fnqlancy (i5*), (~t~) #

3dial Play (imhes) , mx

xl Play (ties) , varies

ad
lmx

: resistance (duns), reference
Fntor
Shtor

20708/135
26V-0~4

26

60.0

0.35 nml

Ftt20%+jxi21
150+j520
56+j8.6

—
—

).454 *3%

16.0nnx

,0.0

,0.0
0.0

1.04

0.0

—
—

.0008

.0001 min

.0010 Uax

20708/13:
15CX4F

115

100.0

1.40

1800
1.5

84.5
25.0

0.1026 42

2.5 il.5

6.0

25.0
12.0

D.05

—

20.0

).0006

).0010
).0005

—

20708/20
ECX6C

115

22.0

0.43

5335-6265
675-825

80.0-83.0
11.0-16.0

D.783 t2%

7.0 *1.5

5.0

—

)0.0
15.0

).05

—

!0.0

-
—

—

.0006

.0010

.0005

—
—
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MIMiD@x-225A

‘ln83iSXXVIII. MIL-S-20708 non-OPL svrdros - cbntiJlued.

TYPE D=IGNATION

hirary voltage (V), i 1%

kimr-y alrrent (m) , Imximum

kirary powa- (w-i=) , lmximm

Jlpdare (dnns), min-max
Zro
Zee
2s0
me

qedarce aqle (degrees), min-nm
Zro
‘2es
‘2eo
Zre

kansformation ratio, variea

base ahift, l-d (degrees),varie

Ilectri=l error (minuW) , m

kseiver error (minutes),m

W211 voltage (mV), nkax
ml
FWdam31tal

Friction torque (oz-ti), max

Rmque gradient (oz-in),min

renperaeure rise (dqreee C), n’nx

sYnc&-oyw3 tim (aecol-de), lrax

177” ? 2“

Variation of voltage (t 10%) ard
mq (f5%), (Wat=) , w

Fadial Play (i.nchee),max

Frd Play (ties) , vafies

DC resistance (&m) , varies
R3t0r
Stator

20708/137
!6V-05CIIX4A

.1.8

14.0

).115nan

ti20%+jxf20!

15+j290
175+j45

—
—

L.154 f3%

18.0 mdx

10.0

----

40.0
30.0

3.04

—-

10.0

—-

0.0008

0.0001 min
0.0010 ITax

53.6 w
52 nom

20708/22
15a3x6c

78

38.0

0.6

2050-2600
900-1200

77.0-83.0
11.0-17.0

1.154 *3%

9.0 *2.O

7.0

—-

100.0
60.0

0.07

20.0

—--
—-

0.0006

0.0010
ko.0005

37,ref
12 ref

?0708/138
31CX4A

115

150.’0

3.3 ncml

121-166
3.4-5.9

B2-87
51-72

0.783 t3%

1.5 m

8.0

----

100.0
35.0

0.5

----

20.0

—-_

—--

0.0008

0.0030
0.0020

----
-—-

1

Q
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M12ADPK-225A

‘2AELEXXVIII. HIL-s-20708 ~ SvndUGs-mntinud.

TYPE DFSIGW2TON

primary voltage (V), f 1%

Rim-y ox-rent (q, mxilmml

FTinnry pter (wattX.), m%imml

mad&nce (-), min-mx

25s
Zso
Zrs

Lm@ance angle (degrees),rein-ma

7ss
ZsO
Zre

7ransf0rm3ti0nratio, f 2%

b.se shift, lead (degrees),varie

Met.rical error (minutes), nnx

~iver error (-k) , N

Ml voltage (mV), nnx
‘rotal
FUdaJWltal

Yiction torque (oz-in) @ 25°C,nw
@ ‘55°C ad 125°C

brque gradient (oz-in), ‘kin

-am rise (deqrees c), mix

WJ#yiy time (Secunds), rmx

177° ? 2°

ariation of voltage (i 10%) ti
~ (t5*), (watts), lmx

adial Play (ties), uax

: resislalo2 (ohm) , referenae
Ibtor
stator

2070S/135
31a@iA

115

0.191

2.26 nun

693 tl.1%
63 run

93.2 *2O
20.0 m

).783

\.4 *0.5

1.0

—

.00.0
10.0

).5
—

—

0.0

—
—

—

.0008

.0030

.0020

2070S/144
26v-081R4A

26

110.0

0.54 nau

Rtlm+jxilo
52+j258
15+j3 ref
12+j44

—
—

).454

].5 *1.5

—

1.20

I.005
I.010

1.002mill

0.0

.0

.0

—

.0010

.0020 Ild.n

.0050 nmx

B.O
2.0

20706/500
26V-1UIR4

‘6

42.0

1.62m

lnnl

5rnll

.454

.5 IEoc

—

).0

—
—

—
—

003 mill

1.0

0
0

4

).0010

).0020 min
).0050 w

. .A.?3



mIIfHoBK-225A

!EABLEXXVIII. ~S-20708 norrQPL svrdroe - Cbntinued.

?5.narypxer (watts), lmximml
I
1.0 0.54 m

@6i&lo= (-), min-max

7ss
Zso
Zrs

irpd&nm aqle (degr=), min-mzo

Zes
Zso
Zrs

kansformtion ratio, ? 2%

Rk15%+jxk10?
52+j258

180-250 15+j3 ref
12+j44

—--

22.0-28.0 —-
——

0.783 0.454

?mse shift, lead (degrees),varies 6.0 N 8.5 *1.5

I 17”0:lestricalerror (minutes), nmx —-

~ivff error (minutes), M I 60.0 ‘-

Wll voltage (mV), H
mtil
Pun5ammtal

Friction tnrque (oz-in) @ 25”C,Irax
@ ‘55°C ad 125°C

Imque gradient (oz-in),min

-— 30.0
—— 20.0

— 0.04
---- 0.12

0.0080 0.0020

=a*e rke (~eee C), max 25.0 20.0

1.0 —

2.0 —

kriation of voltage (t 10%) and I 1.45 —
Prequq (-5%), (Watts.),Uax

?adial Play (inch=), mx I 0.0006 0.0004

M Play (ties), mriee 0.0025 0.0003 min
*O.0020 0.0008 uax

x resi~ (ctmt=),reference
Rotor — 36
Statnr — 24

20708/4
11TX4C

115

60.0

1.0

180-250

22.0-28.0

0.783

6.0 rax

7.0

----
----

0.07
----

0.0080

25.0

1.45

0.0006

0.0010
fo.0005

-—-

)

I
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MIL-HDEK-225A

TABLE XXVIII. ~L-S-207~PL aW@lrcs - &ultinlld.

2070S/49 2070B/67 2070S/143
TYPE D=I@W’ICN 237TlR4B 31113R6B 2w-ommw

Prinnzy voltage (V), f 1* 78 78 11.8

primary Current (m) , Imximum 950.0 748.0 91.0

Primary ~ (Watis), mx.imm 5.2 7.8 0.21 Iun

@=J’= (dnns), min-nnx Rt15%+j*101
35+j125

2s5 —
2s0 — 28+jl16
Zrs 47+j13 ref

Eqxlame angle (degrees),mimnm
—

?ss —
2s0 —
‘zrs — —

?ransformation ratio, 5 2% 1.154 1.154 1.154

bse shift, lead (degrees),variee “4.0 m 6.5 w 9.0 tl.s

:lectricalerror (minutes), max 6.0 10.0 7.0

leca2ivererror (-tee) , max 45.0 48.0

tullvoltage (mV), nax
ml —- — 30.0
Fulxkmntal — 20.0

Yiction torque (oz-in) @ 25”C,max — o.04
@ -55°C ad 125eC — — o.12

tuque gradient (oz-in),min o.16 0.30 —

-awe rise (deqrees c), nnx 25.0 18.0 20.0

=;? time (~) , w
1.0

177° : 20
1.0

2.0 2.0

ariation of vvltage (f 10%) d —
Frequency (*5%), (Wtts) , -

adial Play (inr3es), max o.0010 0.Ooaa o.0004

ti Play (ixhes) , varies o.0050 max 0.0030 0.0003 Inin

Z resi~ (ohms), reference
RnUlr — —
StzloJr —

3.25



MIL-HDBK-225A

‘lyME XXVIII. KUrS-20708 non*PL awdrc6 - conti.nu4.

20708/17 20708j31 20708J76
WE DESIQTA!l’1~ 151DX4C lmx4c 37’IDX6A

Primary voltage (V), f 1% 78 78 78

Frimary current (m) , maximum 215.0 450.0 2050.0

prbry v (n*), maxinm 3.5 4.5 15.6

Iup3Mlm (Chm5), min-max
Zro
2sa
Zso 375-525 178-266 —-
Zra 113-138 26.0-38.0 —

- angle (degrees),min-mx

m
2s0 80.0-84.0 83.0-87.0 ----
m 27.0-33.0 47.0-56.0 —-

Trarsforuation ratio, f 2% 1.154 1.154 1.154

phaee shift, l-d (degrees),varies 5.0 W 3.0 *1.O 3.0 m

Electrical error (*J-), w 8.o 8.o 10.0

?eceivererror (rninuk), max —-- — ----

Wll voltage (mV), mix
lbtal —- —- —--

FUxkrentil — —- —--

Friction tique (oz-in),max 0.05 0.10 0.50

lbrgue gradient (oz-in), ndn 0.011 0.06 1.10

renperature rise (deqreesC), w 20.0 20.0 —--

~zixl tine (SeaJrda), -
30° t 2° — —- —-
177° ? 2° — --—

Variation of voltage (f 10%) ard 4.9 7.0
FrEquency (*5%), (Wat=) , Imx

Radial Play (in&ea) , max 0.0006 0.0006 0.0008

Ezx3Play (ties), varies 0.0010 0.0015 0.0030
to.0005 *O.0010 io.0020

IX resistance (ckms), refererce
Wtor —— —- —--

stator —- —-
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tUbHDEI-225A

TABLE XXVIII. MU-S-20708 ncm+PIJ evnduce - OxlthMi.

lYPE DE51-CN & ‘lW5UUJCS

pr~ voltage (V), f 1%

Pri.uazyarrent (lIA), nnximnn

Primry per (watts),naxilmm

Iwf#’ce (C4ms), min-n’ax

2ss
2s0
Zrs

I.w$gme angle (degrees),rein-ma

2aa
m
Zra

kinsfozmation ratio, i 2%

?hase shift, lead (degrees),wie

Zledxi=l error (minutes),w

?eceiveremx(” INnutes), ma%

tull wltage (mV), mix
lbbl
mrdamentil

Yiction toxque (oz-in), nkax

bzque gradient (oz-in),min

-am rise (degreesc), w

wc&-oy$B3 tin= (aeclm?s), Uax

177° 2 2°

hrietion of wltage (t 10%) ad
~ (f5%), (-t*) , -

tadialPlay (inches),w

M Play (i.nchea), varies

c resistance (ctnrs),reference

rotor

20708/19
15’IRX4A

115

190.0

2.9

50.0-82.0

33.0-46.0

0.783

5.0 lrax

6.0

45.0

100.0
50.0

0.030

35.0

1.0
2.0

4.1

0.0006

0.0020
ko.0010

2070S/23
1S170KA

135

80.0

2.8

18.0 W.

0.783

20.0 u-ax

8.0

45.0

500.0
50.0

0.030

35.0

1.0
2.0

5.5

0.0006

0.0020
ko.0010

2070S/70
37TRX4A

125 ‘

1885.0

20.0

3.0-4.0

66.670.0

0.783

1.0 nnx

8.0

36.0

170.0
35.0

0.9

60.0

1.0
2.0

32.5

0.0008

0.0030
ko.oo20

\
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MIL-HDBX-225A

TABLE XXIX. Prs_s~ svnduos of MU-S-2335.

TYPE DESIGNATION

primary voltage [Kmlinal)

~izim3 current (mA)(~)

Fnergizm Pcwer (~tti) (~)

SeMdary Pe?k(min)
Voltage l~ts (max)

NO Load ‘lkqJ.Rise (‘C)(w)

Electriml Error (minutes)(max)
static Accuracy

lbque Gradient (oz-in/dsg)(m.in)

%tor D2 Resis+a_ce (ohms)
(approx)

Stator DC W3istance (ohms)
(a~ox)

secmndary bad Current (m)
(n’ax)

_OfiZiW Tire (=)
34”(approx)

_ofiz~ Ti.nE(=)
1790(a~rox)

IF
lRF

115

300

4.8

88.2
91.8

50

30(1F)
150

(IHF)

0.06

93

150

40

1

2

3F
3HF
3B

115

400

5.5

88.2
91.8

50

16(3F,
3B)

(3%)

0.25

30

40

200

1

2

5F
5HF I
5B

115

600

7.0

88.2
91.8

50

36(3F,
5B)

(5:)

0.40

13

24

35C

1

:

5N

115

600

7.0

18.2
11.8

50

36

3.40

13

24

—

1

2

—

SB

115

000

10

8.2
11.8

50

36

1.1

--

-.

--

1

;

—

2R
m 37TR-

37TR6A

115 115

.000 400

10 6.5

18.2 88.2
11.8 91.8

50 50

36 90

1.1 0.15

--- -

--- -

-- 200

1 1

2 4

;
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MII.,-3’3DBX-225A

TABLE XXIX. Pre-etandazd svnduOS Of FK1.rS2335--- .

TYPE DESIQWI’IGN

*imry mltage (ncnninal)

ikergiz~ current (llA)
(m)

~izi.mg Fm7er (watts)
[nW)

~ H (rnin)
loltageLimits (max)

JO Lead w. Rise (°C)
[H)

Zkctrical Error (mjnutee)
[lrax)

brque Gradient (oz-in/dsq]
[rein)

btor CC $eeis~ (ohms)

lag)

Xaimr cc 3?esisW (ohms;
[approx)

)riveewith Nonral Aamraq

~ @d current (nui]
:)’==)

~iz~ Tim (see)
34°(apprtw)

mniz~ TinE (sq
179°(a-)

ID KG
13’1o13i3E

90 90

300 300

8 8

88.2 88.2
91.8 91.8

50 50

180 18

1.0350.03!

130 157

78 89

-- one
lF

20 20

1 —

2 —

—

IDB
3D

9(

70(

u

18.:
)1.[

5(

81

1.15

42

3i

18C

1

2

—

9(

70(

1

38.:
)1.{

5(

1[

).1!

41

31

18(

—

;338
5D

9(

.00(

1:

18.i
11.[

5(

54

o.?

M

1(

25C

1

2

ZIE
9C

Iooc

15

88.2
91.8

5C

18

0.3

18

15

tw
5F’s,
five
lF’s
twelve
5CT’S
or
la’%

9a

23

88.2
91.8

50

18

1.4

4

4

six
SF’S,
twelve
lF’s,
twenty-
fa.lr
5C3”S
or
MY’S

250

I

800

—

--

7m
7HIX

90

350(

3(

88.;
91.[

5(

1[

1

1.(

1“..

Welve
F’s,
Wenty-
“Gur
F’s,
“o*y
!ight-
Icl”s
r
,CT’s

200C
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hUI.ADm(-225A

mB1.lExxIx. pr~smxirc6 of M31rS-2335 - Continued.

‘FfF13DFSIQQTKN

Pri.&ryVolq (nmdnal)

mizti Q=—t (lrA)(lTax)

Fm2rgizirq Fwer (watts)(mm)

~ Rak (rein)
Voltage lim.ite(nkax)

No Load ‘llrllp.Rise (“c)(nLax)

sl~i=l EkrOr (minutes)(rrax)

Friction lbrque (oz-in/dq) (rnin)

Rata DC Resistance (h) (approx)

Stator EC Resi.stdrce(chins)(a~rox)

Voltage Gradient (volts/dqree)

la’ 3CT Sc!r
IHcl’ 3CIE m 5SC!3’ (5CT

SHcl’

115 115 115 115 115

35 35 35 34 35

0.7 0.7 0.7 0.8 0.7

54 G 54 54 54
60 60 60 60 6C

50 50 50 50 5C

18 18 18 18 M

0.2 0.2 0.2 0.6 0.4

380 160 105 30

820 360 234 1.0 1.C

1.0 1.0 1.0 1.0 1.(

)

)

)
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MU-HDM-22SA

tKITE: Be sure ‘n7is not jammd phy5i=lly. ‘lUrnTX slcwly in one
direction ard oks.sne ‘lIl.

Werhead ticator light5 WtOrcixcuit cp2rlor~
Units hum at all TX sett~ See Table XX)a
Cne unit Overhests
m follws ~Y*m&m

~d Irr3icatorlighb rotor Ciral.it~
Unils hum at all sxcept two qpceite
lx Settirge See Table XWaI

Both units overheat
klR stays on one r-ding half the tk, then

~hs _ly tn the mite one. m
nay cscillate or spin.

Overhead Irk5i=tor lights mtm- Ciro.litqell
Units hum on ~ qite ‘IXsettirqs SZ?e‘la.bleWMI1
EOth units get warm
‘l%turns sarcothlyin one direction, then

m reads UrOrq or turFs tackwalds, follWs unit in~- m
TX SKoothly unit not Zarced

SEY2Tables xxxxVti WW
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MII.,-HOBK-225A

TABLE Xxu. m or shortd rotor.

WrE: 8at TXto O”arritmn*r Slmothly Ccunterclcckwiee.

mturrs cxwkerclcckwiee frcan0° to 180° in a jerky l’xrotnrqen
or erratic nnnner, ad geti hot

returns ~lcdcwise frcan0° or 180° in a jdcy mrotoropen
or erratic ~, ard TX geta hot

‘Xl?turns ccukerclcdcwise frcun90” or 270°, torque is TX rotor sho~
abut normal, nvtor geta hot, ad TX fuses blew

lR ~ cxunterclcckwi= frcm 90” or 270”, torgue is TR rotnr ahortd
a&ut narmal, ‘IXge- hot, ard TR fuses blck’
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1

I
TX is on 120” or 300”

Ixlt
TxiebetWen340”alxi
., or ~ 160° erd 260”

TX is on 60” or 240°
m

TX is betwm 280” end
‘, or k- 100” alr3200”

TX is on O“ or 180°
tmt

TX is between 40” end
‘or between 220” erd 320”

Werload Ild.icatnrgcee axt
enalllreads 0olm2t2y

Werloed Ird.icetOrligh~,
Unite getk$terdhum,m
m Sb3ye on 220” or 300”,
Ormayswirq sWMer12y frm
onepointbthe OtlW

Overload Ird.i-tar ~ cak
tim reeds correctly

Wsrlad Irclicetarlights,
units gethotardhum, ard
111S&3ys on 60° or 240” or
may swing menly frmn
Onepinttothaot.kr

Werlcad Irdkltor gaes &
ad m reads correctly

3verload Irdicetnr lights,
units get hot arxihum, ad
TR tiys on O“ or 180°, or
my Swirg SUkknly frull
onepainttitheti

3verload Irrliator on
03ntinuously, toth units
getvery hoterxitnnn, erd
‘R doe5 mt folla at all
= -fi

Witxx circuit
d’nx%xd frcz
slt0s2

Wltor circuit
Shortd fral
52 to 53

Water Cirmit
ShortA frul
51 to 53

ill three
Stxxlr leads

tcqether
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MIL-HDBK-225A

TABLE XXXIII. QSIEWQr.

~

t 1

When TX is on 150° or 330°
ad

Wkn TXishsldon O”

When TXiSOn90” Or 2700
al-d

When TXisheldon OO

hkn TX is on 30” or 210°
al-d

lhsn Txisheldon O”

R revsrsss or stalls @
load Idicator lights

rRnKJvesbstWen 300” ard
0° in a jerky or erratic
~

m rswerses or stalls ard
Ovsrlcnd Ird.iator lights

m nuves to 0“ or 180”,
with fairly nomal torque

117revsrses or stalls aml
Overload ticati lights

lRmVeSkr2WSen OOard 600
in a jerky or erratic
manJw2r

TR dces not follcw, rm
C?vsrlcadIrxlication,no
hum or overkatirq

S2 stator cirait
v

S3 stator circmit

w

‘No or thrse statoI
kds opsn with
lmth rotor
circui= men

.

,

I
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KUADBK-225A

Z4BLE Xcm?. Stat.oramnsctions, rotor Wi.rintyCo’fre@.

=3’3’Ixm cfNDrrIcNs INDICATKN

TxSettooo ama m ilxlicaticnis ~, turns SI m S2 .sUltor
rQtcUblKmd CkC)LWise frun 240°
Snmth2y aUnter—

aalmsticms ars

clOdGAs’s

‘Ixi.ldktion is Vrulq, w s2srds3statnr
Ckxkwis..sfran 1200 Wnnsctims are

lR Miaticm is m, turns S1 Sd S3 titnr
clcckwise fran 00 ~ons ars

Il?irdiation is wqmq, turns Slis~ti
cmlkerclOSrAse fm 1200 S2, S2 is ~’

t0s3, srds3is
~tosl

‘Illtii~ticm is wrong, turns slis~m
CuInterclcckwiss frczn2409 S3, S2 is ~

tOsl, ards3is
mnnEctAtos2
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n31AmsK-225A

‘m3LE X)(XV. Worn stator srdor rwersed rotor mnnectioffi.

!rl’33WOR alNDrI’IctW IN331CA1’ICN I

XSttoo”ard TR irrii-tion is UrOrq, - =tor ~i~
rotmt urned munterclodw.’ise frm 1800 are carrect, Wt
SnnYth3y aunter- rotnr mrmectioffi

clcckwise are ~

TR i.miic.ationis wrong, turm mtnr cimnectio-
clmkwise frmn 60” sl SIKIS2 are

rwersai, and
rotor connections
are revere

TR irr.iicationis wrorq, ~ -tor ~iom
clcckwise frmn 300” S2 et-clS3 are

reversal, ard
rotor camections
are reversal

TR “tiication is wrong, turns .statorcmmectio=
clcckwi= frcan180” Slarx3S3 are

reversed, and
rotor wnnections
are reversed

I

‘rR indication is Worg, ~ sl is ~~ to
counterclcdwi= from 300° S2, S2 is m~

to S1, S3 is am-
~tisl,d
rotor mnnections
ere revered

‘m imdkation is wrong, ~ sl is ~
counterclcdwise frcm 600 S3, s2 is A

to S1, S3 is mn-
nectEdtos2, ti
rotor anmectiors
arerwersed

136
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mL+m8K-225A

TABLE XXXVI. Size 5 unit%
I

am?AcmusrIcs
(Dimneions are

in inchee)

Iiamte.rof rcunt~
m~t erd
Wide flaqe dia.
CUteida ehall dia.

haft dian&u2r ad
description

varall Myth to
d of ehaft

I-dof ahaft to
first flarqe

idth of flarge

i~ between
flarqes, center
to Oenter

exudary voltige

otation for 1-2-3
~ion, ahaft
erd

ma-so

5PECIFI
xrIcNs
WPE5A
iNDM

3.625
3.390

0.250

6.050

2.020

0.250

2.060

Nona

NOTE

BmmX
YL-307!
xU.1-307(

1.500
3.625
3.375

0.250

6.040

2.030

0.250

2.060

90

Cw

nL-3075-
>3075-:
XL-3076-.
-3076-:

1.500
3.625
3.375

0.3125

6.040

2.030

0.250

2.060

90

Cw

mm
15-001
15-002
15-014
15-015
3.5-030*

1.875
3.625
3.390

).25No.
1-48*

m
.J4°
YUU
d

6.050

2.020

0.250

2.060

90

w

15+321*

1.875
3.625
3.230

D.3125
$0. 6-40
klp

1/4”
tram &
ti key-
~y 3/8
u 1/16
t 1/32

6.050

2.020

0.250

2.060

90

Cw”

W3m
m
5F

AND
x

1.630
3.625
3.390

0.25,

md
lJ4C’
-28,

1.247
dia.)

6.050

2.020

0.250

2.070

90

an

Whe3.5-030 ialake105tyWASR (TYansnu“ttd or tvl)aM SR (WUaiver) . (me
~Wvt etards for “Speciai-Replao2ik3nt!1.) It k ~ially i ~ 15421 ‘
unit with a erell ahaft ad a shim fitted betwenflaqee timake ita
euiWle replacement for the older type Henedlel unite (15-001, 15-002,
15-014, ad 15-015).

Hensdk21 15-011 unite are f0un3 on many ~le erd are emeha
than the 15-030 unite, di~ baauen
ad 2.060 inches;

nmnting fIaIqee k&ngtlF~
kmvar, a cczplete 15-030 unit can alwaye te used to

replace a ccmpleti 15-011 unit. Spare gart items for ~ial replaoemnt
units willtethesre as for current~AaIT3~M~ti andwillmtke
in@rcMqeable with qnra p.rts originally fwmiakd.
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MIIAIDM-225A

TAUE X?KVXI. Size 1 trensnu“ttere.

GmAcmIusm=
(Dimm.sionsare
in ~)

iemater of muntirq:
Fa~t @
Cutside flange dia.
~ide ehell dia.

heft dialmter ad
description

werall length to en5
Qf Shsft

?-dof ehaft tn first
fleqe

Iidthof flarge

listanceketween
fl~es , aaker
Centf?r

to

xxndary voltage

?otationfor”1-2-3
mnnsrztion shaft en

OF BUSUFS
FWZnntcATxas
TYPE N

2.375
2.188

0.125

3.969

1.063

0,250

1.196

None

None

BENmx
4L-4400-1*

1.0625
1.250
2.250
1.950

0.156

3.938

2.192

0.250

rllyone
flange

90

Ccs4

HE3?saim
15-023

1.000
2.375

.188, 2.268
m e. of
hell

0.1251

3.969

1.063

0.250

1.196

90

a

- TYPE
m

1.0625
1.250
2.250
1.950

.182 shaft
a~~
Iueaded
Inerd
IO. 2-64
m 0.086
Iiameter

3.900

2.140

0.250

)nlyone
flange

90

m

WI’he~ -4400-1 is idertical, emqt for ehaft size, with a type lF
anchro. Whenused withatYFe Am Bti_tW, slaIxis3 musthe
&versed for normal -tion.
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TABLE XXXVIII. Sze 6 transmitter.
(.

QlmAcmusI’Ics
(Dimensionsare OF EilWtPS EmDrx BLUm TYPs
in ildles) -KKnTmws W3482 15422* 6G

)i~ of numting:
Fa~t erd 1.625 2.000 1.625
O.rt.ei&fl-e dia. 4.500 4.500 4.5430 4.500
~ide ehell dia. 4.000 ZL4 # 4.000 4.0s0

*q:

IElftdianeter ad 0.350 0.350 0.350 0.350 abaft
description

threaddcal
d 1/4’’-28
m keylay
5/16 X O.OW
X 3/32

verall length to erd
of shaft 7.220 7.167 7.094 7.220

m of ehaft to first
flarqe 2.220 2.220 2.220 2.220

idth of flruqe 0.250 0.250 0.250 0.250

ietzux2etetwe.en
flarqes, Cq!ter to 2.500 2.500 2.500 2.500

Eimdary voltages None 90 90 90

tition for 1-2-3
~ion shaft erd None m Cw aw

+Will lnrrlleup to 18 Type M lC ~ivera withat. ovwrloed.
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TRANSMITTERS, RECflvERS DIFFERENTIALS

CONTROL TRANSFORMERS

F“KuRE 1. schematic svko k.usedtoshcw ~1 Cfmne?tions.

53 S1

cONTROL TRANSFORMERS, OIFFFRE!:TIALS

TRANSMITTERS ANO

RECEIVERS

FIGURE 2. Sclwmtic svnkn1s for relative = itions of w~fis.
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~GUp.1 7. w- tic rem lsion.
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FImRE 8.
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/
(&9

FIWRE 10.
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MIH’UHK-225A

+

FIGURE 11. Flame tic field arcurd COil.

w r.u$lF#AwT
CNERGUIO

OAR MACNil
UNAFW31D

N

a. w ELECTROAAGNK
fNCRGIZSLWAR

= M#y~m’l$s#&=
s

N(1)o

s

HGLRE 12. I%6itionim bar mm t with one electrcsmonet.
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FIGURE 13. ~itionina km m snletwith * el~ Cmlets.
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FIGURE 16.

0.

Ear mm t with three el~m~.

+

-.%
Izo.

180, 200. 60.

FIGURE 17. Rzaitionim br nmcmet with three el~m* th’awlvirq

Volfxloe tetween one coil ad the other tm.
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(~) uACFK1lCncms (B)VAWC TICrn[~~~ (7=+
DURING:,RST DURING S.tCm2D
.ur.cm[ mar- CYCU

Ip W*
(c)UACNCT,c r(cLDs (D) LOWR CLCCTRWAGNC14%

4
cDJSIINGmi[t+ cm
cC4%CCl10tiS ARC

IS rum 10 TURN ~D

.g~qt

RiXR5tD
W,L1 Pos.,:,m
llscLr so ,“,,
UAGNCl,C F#(,Qs
CO IN SAW Dlmcllm Ac ●

FIGURE



.

./

PRIMARY SECONDARY

FIGURE 22. ~ic transf~.

FnlMAm

+JDSsomcww

w’s W% v 57.5 VDLls
N%

mGWW 23. ~~f Onnation ratio.
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A

a Q-s laB A

-n
c

ID
c

D
c

v v D v
D D

w mu AMw (B) W OWTIRLUI
IUAAIMUM COWWUi)

Cl ~LS Al RIM ANCI.CS
(UINIMUM aWND)

n

a“ a i!!

c

D ‘AID

< ::

lb
~v

M

mlMArf mlt D!saxmwrl
%%%

m) AND m fm LlNhAGC5 Rmmsc9 (n INDUXD WIACE W, Dl~l.Nl

FIGJRZ 24. n==fm=z with Iulzitabl e IX*.

A3 llcw

Fumwrl simrlmws

I

FIGURE 25. Transformer C+%?
,,

with Drln’arvW1.ml.m titJuee semr@=vwlMlms.
. .
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..

\,

FIm 26. Cuti3wav view of tmial
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di%icswSF%INCDAND
W

P N?ln

uuiwnms

Wmsclms

sWINDINGS
\
SW Rwcs,,

uMlNATtu4s
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MIL-HDBK-225A

B
WNDINGS .,,,;..LM.y4:T&0~wxs

SLOTSIN UMINAIIONS IN STATDR SJ4DWN

FIGURE 30. ~i~l stator.

F’IGUK?31. .Stdi3rlamination.

T-m&p

MIL BLARIWS /

FIGURE 32.

\ ‘WENT Pus ROTOR

C(?S?XTON

mtm vi= of svnchro ~ ‘t* or receiver.
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i

FIGUW 33. stator Voltaaevs rotor ~ition.
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MIL+DBK-225A

FIGIJRZ35. Cutiwv vi- of tvpial differential.

FIGURE 36. mm via of twial mrc?l transform.
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Ka7&lm

FIGURE 37. Control transformer with rotatable stator.

r-w P( ,’”

E&l
T.6oozxllM.6oztN

pp

T.600ZX21N=120ZIM

FIGURE 38. Calcadati tizuue.
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FxGLnzE39. lnallnl“t toruue cm client

FIGURE 40. @ti.matti actual toruueara client.
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55 --- -–,/

IN PNASEWITH

4 $UM20F Cx

o
1 !. I 1

w

vOLTAGLOF CX

M ----–- &-&;R-&;l&-— ----

55 -–- —-----–-–

0
( 1

55 CT ROTORPWTION

IN PHASEWITH
RI TO R2
w3LTAG[ Of CX

c#JTw PHksE
WITH RI TO R2
WLTACE OF U

EFFECTlv E
CURRENT = I AMP

=3

A

I15V
60-

SUPPLY
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M3L-mEK-225A

ACTUAL

\

CURRENT

MAGNC 71ZIMG

-k

CURRENT

●

I ‘,

o

\
\

L ~o~s
CVRRf NT

TOTAL CURRENT I 4uP

LOSS

$3

MAO ME TIZING
CURRENT

0.1 &uP
CURRCNT
0,99 AMP

I I
T

COIL COVW4LEWT CIRCUIT

FIGURE 43. C13ilCllrrm.

[
AC

I
POWCR FACTOR 1 %X 100%

wlt~~~, W Is 1)1~ ACTUAL ~ow~R
MCASVREO By THE WATT METER

V Is THE INOICATEO VOLTAGE
A IS THE IMOICAIEO CURRENT

IN THE ILLUSTRATION,

POWER FACTOR . - 1 100% * so%
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TOTAL COIL

CURRENT CURRENT

0.1 AUP 1 AMP

3

A c.

A

&c
CAPACITOR

SUPPLY
CURRENT
0,99 AMP

FIGURE 45.

TOTAL
CURRENT

0,1 AMP MAGNETIZING AND
CAPACITOR CURRENTS

m“

A EACH 0.99 AMp

A A A

— LOSS
— CURRENT

0.1 AMP

-LAGS 90”

Effect of czmacitir on coil currents.

S2

A

cOMMON
Connection

S3
SI
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4

A
S2

COMMON
CONNCCT

S5 SI

ION

FIGURE 48. Cmtrol transformer stxfar Windi.nas,with cam citms.

‘4+’
FxGLIRz49. peltiQmnectd cam citmq.

c&P&CITOR

RI

AC SUPPLY
[

R2

FIGURE 50.
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.83

LOSS AND MAGNETIZATION CURRENT FOR DIFFERENTIAL
MUST COME THROUGH TRaNSMll TER ANO RECEIVEI?

FIGURE 51. m-x-m Svstem without m~citor.

AC
SUPPLY

CAPACITOR CANCELS MAGNETIZATION CURRENT OF DIFFERENTIAL

FIGURE 52. TX-’IDX-TRSYs+xm with svmdu 0 cam citor.

0.9 AMP

U2

TRANSMITTER SUPPLIES EXCITATION
CURRENTS FOR BOTH UNITS

FIGURE 53. Tx-mx-cr svsb2m without =pacitor.
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CAPACITOR MCAJNTCO
CLOSC TO TOX

CAPACITOR W2LINTE0
CLOSC TO CT

065 AMP

CAPACITORS RCWtf LOAD ON TRANsMITTER

“-““ ~.

‘oNG‘UN----1

“’:::*=-3R&=@’”’
1-! LONGWRES CAPACI1OR HIGH CURRFN1 IN

MWNTIO SHORT CONNECTIONS

NCAR TOX 00CS NO HARM

‘es”’”@3E~:y&:@
CADA(JIOQ
MWN1[O Mr.- CIJR,QINT IN ‘ONC wR[s

NCAR 1X R[DJCES ACCURACYd ,Nc’cASCs
LOAD ON TRANSLIIITCR

FIGURE 55. -t ion o.f cztmcltor
. .

maxa Sys&m.

EACH UNI1
SUPPLIZS A
LOSS AND
MACN[nZAllm
CURRENT

I
AC SUPPLY J

I I
EKllRE 56. n- Svstem witlnxt Cltors.
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RI

ROTOR
CURRENT ,6 AMP

CAPACITOR _ c

b

c

CURRENT .59 AMP ., 1

,59 AMP

ca!3.6MFo
IORAWS .59 AMp

FROM I15V 60 - LINE)

LINE oCURRENT .06 AMP A
I Q.06 AMP A

I

FTGUFU557. m-m s’stsm with svnchro camcitor across rotor leads.

ST ANOARO
CONNECTION

A
TO S2

90 J MAX
BETwEEN

TERMINALS

L&

TO S3 TO S1

CURRENT vALUES GIVEN IN
TABLE ME ASUREOAS SHOWN

FIGURE 58. Cn*ions h csmxmt wlues of csmacitms in Table ~.
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MIbHmK-225A

10ROUC

SYSTEM

A

10ROUE

SYSTEM

8

TOROUE
SYSTEM.

c

1

FIGURE 59. Svstem desiqraticm kw for t.msnx+S,T3teH6.
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Fmrlim+2=4

CONTROL SYSTEM A
“Cl

CONTR3L SYSTEM B

CONTROL SYSTEM C

—

uc1

‘cl for LOAO 1

FIGURE 60. Svstem desiwa tion kev for mntrol Svst-.

FIGURE 61. External am-mections of a transmitter-remiver WS-.
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KUrHtsK-225A

‘TT-=7T

. . . . L
(1 h, .“m ,1

+

as —

0.75 W?. 0.55 bMP.

FIGURE 63. M@2-na lcn nditions in TX* ~ with
Cxn-reswndeno?.

notin

sl

EnJRE 64. U=metic wl~iti~ at a ~i~~
at 30°

instant with TX
81XllRrut5r ato “.
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115VT .

S2

RI Ku

RZ

S3

0,75 AMP.
0,75 AMP,

FKIJRE 65. ~tmmJ conditions in ma avatfm with TX rotor at 120°

d ll? rotor at 60”.

sl

F’IalPx66. Pa- tic m laritiffiat a narticmlar instant with TX rotor
at 120” ad TR rotor at 60°.
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{.

S2

FIGURE 67. Effect of reversim S1 at-ds3 connections between l’xandm.

30

2,0

d I Ill

I .0

t

/
,

o
0 so” ‘so” ~oo 120” 1500 1800

DIFFERENCE BETWEEN TX ANO TR S14A~T POSITIONS

FIGURE 6a. Fffect of rotor msition difference on ~ -* current.
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imL !liEH
Im
>N

1 27U

FIGURE 69.

0

la 31ZEv w

—

—=

1lWMEAN m
m ION E27W

w3TES;
UL CURRENTS ti MS vALuE
CURRENTS SWWN A20VE THE O LINE ARE IN -SE

WITH S1 CURRENT AT o-
CURRENTS sww BELOW TNE O LINE ARE. 180” OUT

~ R+AsE WITH S1 CI.MRENT AT O“

Effti of actual r-r - ition on id ividual stator current.
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FIGURE 70.

pU2.1-HIEJ(-22sA

I I r I I I I I

I

xl” 60” 90” 120” 150” Iso”

OlfFf RENCE BEIWEfN TX ANO Tfl SHAFT FOSIIIONS

Efftiofr otor ~ition diff~ WI - ~~ t.

Y
I15V

S2

53

1,5 AMPS

1.5 Aws
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“mzc%3’
*s’ms’

‘3A ~4s3
4 I

F’ImI?E 72. Macrostic m laritiffiat a mrt iailar instant when TX d TR
rotors are 180° acart.

G-
RO

$.3
51

I

FIGURE 73. Pc6ition of lTJXstator field when T% rotor isat 0“.

1 1 I I

FIGURE 74. ~tim TDX stator field tv tunu.M the TX rotor.
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nGuRE 75. ction with m.

9 STA1OR~lCLO
6 ROTOR Flf LO

S3

*I S&asl

FIGURE 76.

Ss
St

r

FIGLn?E 77. Eff&oftutnina’lx mtorin Txqx-lRsvsbeln~
for ctiou.
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S3
sl SI

FIGURE 78. pffect of tumina ‘IDxrotor in TXax-m Svstem Wnnectd

for -action.

I !

FIGURE 79. Effect of turnim ‘IDXrotor clcckwise in a TX-’IDX+’I?svstem
wnnecte5 for subtraction.

FIGURE 80. Addition with !IDX.

174



~GW?.E 82. Effect of ~~ ~x
rotor in Txqx+

for addition.
svstem m nnedd

~G18UZ 83. ction with m.
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7’0$7ROTOR ~mlOJOR
WRNS TO 4V I I

FIGURE 84. Efecfz of turnim both TX mtc.rs in TX+’DR-TX w stm mnnected
for subtraction.

Ik== —

n~s 85. mition with ~R.

FIGURE 86. Effa of turnim b3th TXmtOrsjn TX-R+XsYS b Wnnectd
for addition.
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CQNNCC11ONS 0P2R4110N

A.-w=sr

A.+v=fr

4. -W--V

ll>V *

FIGURE 88.

FIGURE 87. mm for clifferentials.

0“

+

+,7

RI

*2

S3

,
Csm5itions in CX-CT avstem with m COmesUd- .
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15v’-
6

~~ 90. cmxiitio~ incx-c-r= stm with Ci rotor at 180° ad CT

-r at 90°.
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Size 18 Size 16 Size 15 Size 11 Size 08

Size 37 Size 31 Size 23 Size 19

FIGURE 92. sizes: acarummtilv one-half actuel size.
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Size 6

Size 5

FIGWE 93.

Size 7

Size 3 Size 1

Pre-stardard ~ 0 sizes: awroximstelv ons+df

ac+mal size.
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(

e$- Cmmw SCRZW

LUKWASH[R

CUMP

,! I

kuJLu-J
Fxm 94. FimxltinqClanrzassemblv - MS17183 for aual~ .

<~, 5,*[ ;CJwS,z[ 1: rollSIZS 18 ro!+Slzf FOR Slz[15 rOR S12S 10
11 L.IY5 &\> 16UNITS A\O ]9“hlls 11UNns~&d*sdl.

!211 11

FIGURE 95. Clamc.im discs - WS9040Q. FIGURE 96. w- ~1 ies - MS90401.

I ZCROI?4GRINGSW- AR1 RW
~y;~li:: :,2$:;1,;$;$. .

‘@o
FIGURE 97. Zercsti rinys - MS90399.

rg;”ings FOR SHAITS FOR SHAFTSWIIH
114Rm

wm 01032
lHR~

K-m jHR~

~----- ------ _____ _,__

‘[ 1
1

:

dilhdtilj I J I----

FI~ 98. mft Zluts- US17187,
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I
INTLRNAL TABS WUICH Ml TAFtR03
s.;, X.&g

LLIJJMIILI
lZKUR.E99. prive washers - FlS17186.

./’ .~
)?

12~A d,,,ddi ,ud

malRE 100. strai~t ninion wrend - FIGURE 101. 90-deTree Pinion wr~ -

M.590393. K?2Q224.

qgv’
JTT8SOCIIE1

WR[NCH
rou S@AC,

NUT

<
INTERNALLY

SgcNg

FTGURE 102. met wrench assemblies - ltS90395.

182



mL-HoPx-225A

I

37rGuRE103. ma SVnChro usj.m a FIQJRE 104.
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1

FIGURE 106. mtti a ~ Ou.si. rc?anFIGURE 107.

adapter asaemblv ffran the
~lba.rd d).

Mw.mtim a ~ o using
three nmuntim clam

assemblies.

FIGURE 108. Mountim a smdu o Usiru a zeroina r~.
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FIcllRE109. Flara e-nulsllted

FIGURE 110. mam Zzle-lmullted. EmJRE 111.
k.

m view of nozzl~
EYIKh?Q.
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mtffi RMz
INSU Suwam

SUPFORTS

FIG!JRE 112. warm --ted avnchro.

FIGURE 113. MOuntilu aqea.rona~ (exulcdd view).
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U@ Mmilm ~

ml aAnP
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. mm FOR SPlom

FIGURE 118 iIUdialsona2Rd cxkde receivq.
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SPEEDOMETER

r“ FACSUPPLY

wHEN CAR GOES FAST ER, TRANSMITTER TRANSMITS

AN INCREASING REAOING TO RECEIVER

FIGURE 119.

SINOLE LETTER

OOUSLE LETTER

LOW NUMBER

MIOOLE NuMBER

HIGH NUMBER

ST ANOARO BUS IS
NUMBEREO SO SYNCHRO
REcEIvER WILL TuRN
LIKE THIS wHEN
cONNECTEO AS SHOWN

~im .

0

F
89

61

B2

B3

SI S2 s>
SHAFT VIEW

RI SHAFT TURNS

R, m COUNTERCLOCKWISE
FOR AN INCREASING
REAOING

FIGURE 120. ~ wire desianatioffi.

COMMON
ROTOR LINE {

ONE SPEEO
STATOR LINE

{

36 SPEEO
ST ATOR LINE

{

THIS SHAFT
TURNS >6
REvOLUTIONS
FOR EACH
REvOLUTION

o?AE-SPEEO 36- SPEEO OF THE OTHER

RECEIVER RECEIVER

FIGURE 121. Connections on a Ixoi=l
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00

80

00 0

01 0

00

000

Bl

3B20 v

03

B

%

vOLTAGE FROM B TO B8 IS
CONSTANT AT 115 VOL.TS

00

01

%

90.

yuN I I

5?:B2 o / 1::=01

i

9 180° I 27W” 360°

L> lNC”Rf4Sl NG
u

02 I R~ADING,
90 *

“ELECT POSITION- SENT OVER WIRES

‘ELECT POSIT IONo’
. . ..-
SENT OVER WIRt. S

NOTE, ALL vOL1&GES ARE 60 CYCLES AC EFFEC71VE VALUC

? IN OICAIES lMA’E vOLTAGE IS IN PMASE WIIH 0-08

$ INOICAIES TMAT vOLTAGE IS 180° OUT WITN O-DB
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I
,

AC a==0SUPPLY
Be

WITH THESE CONNECTIONS R2 RI
TURNING SHAFT COUNTER-CLOCKWISE SI B!

TRANSMITS AU INCREASING READING

o ;:

s“’:”~:

“’:’’’’’’:’”k:TRANSMITS AN INCREASING READING

1X

FIGURE 123.. Stmlard transmitter asnnections.

e

Be

01

B2

03

e

WITH THESE CONNECTIONS

SHAFT TURNS COUNTER-CLOCKWISE

WHEN RECEIVING AN INCREASING READING

WITH THESE CONNECTIONS

SHAFT TURNS CLOCMWISE

WHEN RECEIVING AN INCREASING READING

TR

FTGURE 124. Stadard miver ccmnmtions.
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e e
esl 80

B B
Be Be

Tox

FIGUTEE125. connections for differential tramniw.

B e

00 BB

_!FmJF$=i!&
INCREASING
READING n TOR

n
RCAOING

FROM HERE FROM MZRf

e e

00 Se

-=’=@3=:-
:EC,R:,; : lNG c) TOR

n

lNCRf ASING
REAOING

FROM MCRE FROM HERE

FI~ 126. connections for differantial reasi=.

193



cl

CT

.

AC SUPPLY
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“:L=@=im=
CAPACITOR

fon c1

&c
SUPPL Y 1 , I

C& PACITOR
FOR DIFF

RI

SU:$LY

R2

CAPACITOR
FOR DIFF

CAPACITOR
fOR CT

FI~ 129. lollsfor SvnciUU carncitors.

OUTPUT TERMINALS (10 Sf@VO MOTOR)

~ &

IF PHASE-SHIFTING
AMPLIFIER 1S uSf O,
vOLTAGC fRoM C TO
CC LAGS VOLTAGE
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